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Chapter I
INTRODUCTION
Volume
II
of
the
New
and
Revised
Great
Lakes
Water
Quality
Objectives
contains
the
scientific
summary
and
other
factors
upon
which
the
recommended
objectives were based.
The
work
presented
here
was
initially
begun
by
the
Water
Quality
Objectives
Subcommittee
of
the
Great
Lakes
Water
Quality
Board
in
1973.
As
this
Subcommittee
became
more
and
more
deeply
involved
in
developing
an
approach
to
the
establishment
and
use
of
water
quality
objectives
and
determining
specific
objectives,
it
became
apparent
that
the
scientific
expertise
available
from
the
Great
Lakes
Research
Advisory
Board
was
essential.
Thus
the
Research
Advisory
Board's
Scientific
Basis
for
Water
Quality
Criteria
Committee,
now
the
Task
Force
on
the
Scientific
Basis
for
Water
Quality
Criteria,
was
called
upon
to
assist.
This
assistance
has
continued,
not
only
through
periodic
joint
meetings,
but
also
by
members
undertaking
literature
searches
and
other
reviews
on
behalf
of
the
Committees.
This
volume
is
a
compilation
and
consolidation
of
the
work
of
these
Committees
which
appeared
in
Appendix
"A"
of
the
Water
Quality
Board's
Reports
for
1974
and
1975.
The
Commission
has
accepted
in
principle,
the
water
quality
objectives
and
supporting
rationale.
The
views
expressed
by
the
Committees
are
retained
in
this
volume
and
therefore
individual
comments
within
the
text
may
not
necessarily
reflect
the
views
of
the
Commission.

 Chapter II
A
P
P
R
O
A
C
H
T
O
T
H
E
E
S
T
A
B
L
I
S
H
M
E
N
T
OF
W
A
T
E
R
QUALITY
OBJECTIVES
The development of common water quality objectives for the Great Lakes is recog—
nized as one of the primary programelements of the Ganada-United States Great Lakes
Water Quality Agreement of 1972. These common objectives will provide direction for
all water quality surveillance programs and will be of critical importance in evalu—
ating the success of remedial programs. The objectives should also ensure against
future losses of the beneficial uses which the Parties desire to secure and protect
when implemented in concert with limitations on the extent of mixing zones or zones
of influence and localized areas as designated by regulatory agencies.
In the process of assessing, refining and recommending objectives which would
accomplish what was interpreted as the intention of the Parties, the Water Quality
Objectives Subcommittee and the Scientific Basis for Water Quality Criteria Com—
mittee evolved and adopted what they considered to be a scientifically defensible
framework.
The proposed objectives are predicated on this framework which is drawn
partly from the Agreement, partly from the recommended revisions to the Agreement
and partly from guidance received from the Water Quality Board and the International
Joint Commission. The Committees believed that adoption of the framework would aid
the jurisdictions in protecting against future losses of the beneficial uses which
the Parties desire to secure and protect. The framework can be outlined as follows:
1. In developing specific water quality objectives the philosophy of
protecting the most sensitive use wasemployed.
As considered by the Water Quality Objectives Subcommittee and the
Scientific Basis for Water Quality Criteria Committee, water quali—
ty objectives describe, in part, a minimum quality of water which
will not only provide for, but also protect any designated use.
In most cases, the recommended objectives are proposed to protect
aquatic life or their consumers, because they are in those cases
the most sensitive use. Protecting the public water supply is
employed next in frequency, in the case that human health is most
sensitive. Aesthetic and/or recreational uses are most sensitive
for a few parameters.
2. Adoption of objectives does not preclude the need fbr studying
the aquatic environment and efjects of conditions on related
organisms and uses. Because infinite combinations of water quali-
ty characteristics may occur, the objectives could not take into
account antagonistic, synergestic and additive effects.
Each objective alone should provide protection from effects of
that specific condition. Within each objective a safety factor
is used which may be very small for some conditions and unknown
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s
p
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c
i
f
i
c
n
u
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a
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o
b
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c
t
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v
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c
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d
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A
n
t
a
g
o
n
i
s
t
i
c
,
a
d
d
i
t
i
v
e
o
r
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y
n
e
r
g
i
s
t
i
c
e
f
f
e
c
t
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o
c
c
u
r
.
C
o
n
s
i
d
e
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i
n
g
t
h
e
i
n
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i
n
i
t
e
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o
m
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i
n
—
a
t
i
o
n
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o
f
w
a
t
e
r
q
u
a
l
i
t
y
c
h
a
r
a
c
t
e
r
i
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i
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b
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c
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l
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r
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r
l
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y
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t
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e
s
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n
d
processes.
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c
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c
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i
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c
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e
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i
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.
I
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l
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i
t
i
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n
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t
h
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r
e
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b
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c
t
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e
m
a
y
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n
e
c
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,
r
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i
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o
u
l
d
n
o
t
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m
e
t
h
a
t
m
e
e
t
i
n
g
t
h
e
g
e
n
e
r
a
l
a
n
d
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e
c
i
f
i
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o
b
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e
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-
t
i
v
e
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g
u
a
r
a
n
t
e
e
s
p
r
o
t
e
c
t
i
o
n
o
f
u
s
e
s
.
B
e
c
a
u
s
e
n
e
w
d
a
t
a
m
a
y
l
e
a
d
t
o
m
o
d
i
f
i
e
d
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
,
t
h
e
o
b
j
e
c
t
i
v
e
s
s
h
o
u
l
d
b
e
s
u
b
j
e
c
t
t
o
c
o
n
t
i
n
u
a
l
r
e
v
i
e
w
.
T
h
e
w
a
t
e
r
q
u
a
l
i
t
y
c
r
i
t
e
r
i
a
o
n
w
h
i
c
h
t
h
e
p
r
e
s
e
n
t
o
b
j
e
c
t
i
v
e
s
a
r
e
b
a
s
e
d
w
e
r
e
d
r
a
w
n
f
r
o
m
a
d
a
t
a
b
a
n
k
w
h
i
c
h
i
s
c
o
n
s
t
a
n
t
l
y
c
h
a
n
g
i
n
g
d
u
e
t
o
t
h
e
e
x
t
e
n
s
i
v
e
o
n
g
o
i
n
g
i
n
t
e
r
e
s
t
a
n
d
s
u
b
s
e
q
u
e
n
t
r
e
s
e
a
r
c
h
i
n
a
q
u
a
t
i
c
t
o
x
i
c
o
l
o
g
y
.
B
e
c
a
u
s
e
n
o
a
d
e
q
u
a
t
e
s
c
i
e
n
t
i
f
i
c
d
a
t
a
b
a
s
e
e
x
i
s
t
s
f
o
r
e
s
t
a
b
l
i
s
h
—
i
n
g
s
c
i
e
n
t
i
f
i
c
a
l
l
y
j
u
s
t
i
f
i
a
b
l
e
n
u
m
e
r
i
c
a
l
o
b
j
e
c
t
i
v
e
s
f
o
r
c
e
r
t
a
i
n
u
n
s
p
e
c
i
f
i
e
d
n
o
n
—
p
e
r
s
i
s
t
e
n
t
t
o
x
i
c
s
u
b
s
t
a
n
c
e
s
a
n
d
c
o
m
p
l
e
x
w
a
s
t
e
s
,
c
r
i
t
e
r
i
a
f
o
r
d
e
v
e
l
o
p
i
n
g
a
n
o
b
j
e
c
t
i
v
e
f
o
r
l
o
c
a
l
s
i
t
u
a
t
i
o
n
s
h
a
v
e
been recommended.
T
o
p
r
o
v
i
d
e
a
r
e
a
s
o
n
a
b
l
e
d
e
g
r
e
e
o
f
p
r
o
t
e
c
t
i
o
n
f
r
o
m
t
h
e
p
o
t
e
n
t
i
a
l
e
f
f
e
c
t
s
o
f
s
u
c
h
s
u
b
s
t
a
n
c
e
s
a
n
d
d
i
s
c
h
a
r
g
e
s
t
h
e
s
e
c
r
i
t
e
r
i
a
r
e
c
o
m
-
m
e
n
d
t
h
a
t
t
h
e
l
o
c
a
l
j
u
r
i
s
d
i
c
t
i
o
n
c
o
n
d
u
c
t
s
p
e
c
i
f
i
e
d
b
i
o
a
s
s
a
y
t
e
s
t
s
o
n
t
h
e
m
o
s
t
s
e
n
s
i
t
i
v
e
,
i
m
p
o
r
t
a
n
t
l
o
c
a
l
s
p
e
c
i
e
s
,
a
n
d
a
p
p
l
y
a
s
t
i
p
u
l
a
t
e
d
a
p
p
l
i
c
a
t
i
o
n
f
a
c
t
o
r
t
o
t
o
x
i
c
i
t
y
d
a
t
a
s
o
d
e
r
i
v
e
d
.
S
u
c
h
c
r
i
t
e
r
i
a
m
a
y
b
e
t
e
r
m
e
d
p
r
o
c
e
d
u
r
a
l
o
b
j
e
c
t
i
v
e
s
.
B
i
o
l
o
g
i
c
a
l
e
f
f
e
c
t
l
e
v
e
l
s
w
e
r
e
r
e
c
o
g
n
i
z
e
d
a
s
w
e
l
l
a
s
t
h
e
c
o
n
c
e
n
—
t
r
a
t
i
o
n
o
f
a
s
u
b
s
t
a
n
c
e
o
r
l
e
v
e
l
o
f
p
h
y
s
i
c
a
l
e
f
f
e
c
t
.
T
h
e
p
r
e
a
m
b
l
e
t
o
t
h
e
A
g
r
e
e
m
e
n
t
s
p
e
c
i
f
i
c
a
l
l
y
i
d
e
n
t
i
f
i
e
s
s
e
r
i
o
u
s
c
o
n
c
e
r
n
f
o
r
t
r
a
n
s
-
b
o
u
n
d
a
r
y
e
f
f
e
c
t
s
o
f
w
a
t
e
r
q
u
a
l
i
t
y
d
e
t
e
r
i
o
r
a
—
t
i
o
n
a
n
d
c
a
l
l
s
f
o
r
d
e
v
e
l
o
p
m
e
n
t
a
n
d
i
m
p
l
e
m
e
n
t
a
t
i
o
n
o
f
n
e
w
a
n
d
m
o
r
e
e
f
f
e
c
t
i
v
e
c
o
o
p
e
r
a
t
i
v
e
a
c
t
i
o
n
s
t
o
r
e
s
t
o
r
e
a
n
d
e
n
h
a
n
c
e
w
a
t
e
r
q
u
a
l
i
t
y
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
S
y
s
t
e
m
.
A
n
o
b
j
e
c
t
i
v
e
f
o
r
a
s
u
b
s
t
a
n
c
e
o
r
p
h
y
s
i
c
a
l
e
f
f
e
c
t
i
s
d
e
s
i
g
n
e
d
t
o
p
r
o
t
e
c
t
u
s
e
s
,
f
o
r
e
x
a
m
p
l
e
,
a
q
u
a
t
i
c
o
r
g
a
n
i
s
m
c
o
m
m
u
n
i
t
i
e
s
,
b
y
l
i
m
i
t
i
n
g
a
c
c
e
p
t
a
b
l
e
l
e
v
e
l
s
.
A
n
o
b
j
e
c
t
i
v
e
f
o
r
b
i
o
l
o
g
i
c
a
l
e
f
f
e
c
t
s
a
l
s
o
s
h
o
u
l
d
b
e
d
e
s
i
g
n
e
d
t
o
p
r
o
t
e
c
t
u
s
e
s
,
f
o
r
e
x
a
m
p
l
e
,
a
q
u
a
t
i
c
o
r
g
a
n
i
s
m
c
o
m
m
u
n
i
-
t
i
e
s
,
b
y
r
e
c
o
g
n
i
z
i
n
g
"
a
m
a
x
i
m
u
m
o
r
m
i
n
i
m
u
m
d
e
s
i
r
e
d
l
i
m
i
t
.
"
E
x
a
m
p
l
e
s
i
n
c
l
u
d
e
m
i
c
r
o
b
i
o
l
o
g
i
c
a
l
w
a
t
e
r
q
u
a
l
i
t
y
c
h
a
r
a
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t
e
r
i
s
t
i
c
s
an
d
pr
ev
en
ti
on
of
nu
is
an
ce
gr
ow
th
s
of
al
ga
e,
we
ed
s
an
d
sl
im
es
.
Th
e
Co
mm
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as
su
me
d
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e
Pa
rt
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s
in
te
nd
ed
or
ig
in
al
ly
to
co
ns
id
er
th
e
le
ve
l
of
bi
ol
og
ic
al
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fe
ct
of
th
e
co
mm
on
re
so
ur
ce
wh
ic
h
ma
y
be
to
le
ra
te
d
wi
th
ou
t
da
ma
ge
to
th
e
sy
st
em
.
In
cl
us
io
n
wo
ul
d
pe
rm
it
de
ve
lo
pm
en
t
of
ob
je
ct
iv
es
to
pr
ot
ec
t
pa
ss
iv
e
or
ga
n—
4
 isms,
especially
fish larvae,
as
the
result
of
entrainment
at
water
intakes.
The
Committees
identified
this
phenomen as
potentially
of
great
significance
with
the
increased
use
of
nearshore
waters
of
the
Great
Lakes
for
cooling
purposes.
The
objectives
should
serve
as a minimum
target wherever
water
quality
objectives
currently
are
not
being
met.
This
is in
accordance with
Articles
IV,
V and
X of
the
Great
Lakes Water Quality Agreement,
dealing with regulatory require-
ments, remedial programs and implementation.
For those contaminants which are non-point source related, or
the
result of
human
activity,
and do
not meet
objectives,
regu—
lation of the activity itself should be considered in remedial
programs.
For jurisdictionally—designated areas which have outstanding
natural resource value and existing water quality better than
the objectives, the existing water quality should be maintained
or enhanced.
The Great Lakes Water Quality Agreement establishes a non-de—
gradation philosophy of taking "all reasonable and practicable
measures" to maintain water quality where it is better than
the prescribed objectives.
Carrying the present non—degradation philosophy a step further,
the Committees
agreed
that
"all
reasonable
and
practicable
measures" should be taken not only to maintain existing water
quality which is better than the objectives, but that the
potential
for
and
the desirability
of
enhancement
should
be
recognized
and
provided
for.
This
small
alteration
in approach
encourages
further
improvement,
particularly in
the open
waters
of the lakes.
The Committees recognized that any jurisdiction could move to—
ward a more positive non—degradation policy than that provided
by taking "all reasonable and practicable measures."
Specific water quality objectives were designed to be met at
the periphery of'mixing zones.
This assumes that water quali—
ty conditions better than the objectives will result beyond
the mixing zones.
The objectives should be implemented in con-
cert with limitations on the extent of'mixing zones or zones of
influence and localized areas as designated by the regulatory
agencies.
The establishment of water quality objectives alone may not ensure
against further losses of the beneficial uses which the Parties
‘
desire to secure and protect.
T
h
e
A
g
r
e
e
m
e
n
t
d
e
s
c
r
i
b
e
s
a
m
i
x
i
n
g
zone,
in
part,
as
an
a
r
e
a
w
i
t
h
-
in
which
specific
water
quality
objectives
shall
not
apply.
Since
specific
water
quality
objectives
describe
the
minimum
quality
of
water
which
will
provide
for
and
protect
any
designated
use,
it
  
fo
ll
ow
s
th
at
a
mi
xi
ng
zo
ne
re
pr
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en
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en
cr
oa
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me
nt
in
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ca
se
s,
a
lo
ss
of
us
e,
a
lo
ss
of
va
lu
e
or
tr
ad
e
of
f.
Th
e
Co
mm
it
te
es
we
re
ex
tr
em
el
y
re
lu
ct
an
t
to
pr
op
os
e
sp
ec
if
ic
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
wh
en
no
we
ll
—d
ef
in
ed
in
te
rn
at
io
na
l-
in
te
rs
ta
te
me
ch
an
is
m
ex
is
te
d
to
li
mi
t
th
e
pr
es
en
t
an
d
fu
tu
re
lo
ss
of
va
lu
e
to
mi
xi
ng
zo
ne
s,
no
t
on
ly
lo
ca
ll
y
bu
t
on
a
wa
te
rb
od
y—
wi
de
sc
al
e.
In
it
s
pr
es
en
t
fo
rm
th
e
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
re
st
ri
ct
s
mi
xi
ng
zo
ne
s
to
th
e
"v
ic
in
it
y"
of
ou
tf
al
ls
,
ur
ge
s
li
mi
ti
ng
lo
ca
li
ze
d
ar
ea
s
to
a
"m
in
im
um
"
an
d
es
ta
bl
is
he
s
a
no
n-
de
gr
ad
at
io
n
ph
il
os
op
hy
of
ta
ki
ng
"a
ll
re
as
on
ab
le
an
d
pr
ac
ti
ca
bl
e
me
as
ur
es
"
to
ma
in
ta
in
wa
te
r
qu
al
it
y
wh
er
e
it
is
be
tt
er
th
an
th
e
pr
es
cr
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ed
ob
je
ct
iv
es
.
Th
e
Co
mm
it
te
es
be
li
ev
ed
th
at
th
es
e
de
fi
—
ni
ti
on
s
we
re
in
ad
eq
ua
te
to
pr
ev
en
t
ex
ce
ss
iv
e
ar
ea
s
of
th
e
Gr
ea
t
La
ke
s
fr
om
re
ma
in
in
g
in
no
n—
co
mp
li
an
ce
or
to
pr
ev
en
t
ex
ce
ss
iv
e
ar
ea
s
fr
om
be
in
g
do
wn
gr
ad
ed
to
th
e
ob
je
ct
iv
es
in
th
e
fu
tu
re
.
Th
e
bi
ol
og
ic
al
va
lu
e
of
th
e
Gr
ea
t
La
ke
s
is
mo
st
vu
ln
er
ab
le
to
en
cr
oa
ch
me
nt
by
mi
xi
ng
zo
ne
s
be
ca
us
e
of
th
e
fr
ag
il
it
y
an
d
in
te
r—
de
pe
nd
en
cy
of
th
e
in
te
rl
oc
ki
ng
pa
rt
s
wh
ic
h
ma
ke
up
th
e
wh
ol
e
of
th
e
Gr
ea
t
La
ke
s
ec
os
ys
te
m
an
d
th
e
ec
os
ys
te
m
of
ea
ch
wa
te
rb
od
y.
It
is
ob
vi
ou
s
to
ev
en
th
e
ca
su
al
ob
se
rv
er
th
at
th
er
e
is
a
li
mi
t
to
th
e
lo
ss
of
fi
sh
sp
aw
ni
ng
si
te
s,
nu
rs
er
y
ar
ea
s,
an
d
fe
ed
in
g
gr
ou
nd
s
be
fo
re
ec
os
ys
te
m
im
ba
la
nc
e
an
d
ul
ti
ma
te
co
ll
ap
se
of
a
po
pu
la
ti
on
OC
Cu
r.
Ec
os
ys
te
ms
ar
e
no
t
co
mp
ar
tm
en
ta
li
ze
d
by
ju
ri
sd
ic
ti
on
al
bo
un
da
ry
li
ne
s.
If
ex
ce
ss
iv
e
en
cr
oa
ch
me
nt
up
on
an
ec
os
ys
te
m
is
al
lo
we
d
by
on
e
ju
ri
sd
ic
ti
on
,
th
e
lo
ss
ma
y
af
fe
ct
ne
ig
hb
ou
ri
ng
ju
ri
sd
ic
ti
on
s
sh
ar
in
g
th
e
ec
os
ys
te
m.
To
pr
ot
ec
t
th
e
bi
ol
og
ic
al
in
te
gr
it
y
of
th
e
sy
st
em
,
th
e
Co
mm
it
te
es
th
ou
gh
tf
ul
ly
co
ns
id
er
ed
a
co
nc
ep
t
de
si
gn
ed
to
li
mi
t
bi
ol
og
ic
al
ef
fe
ct
s
by
al
lo
ca
ti
ng
va
lu
e
lo
ss
in
mi
xi
ng
zo
ne
s.
Th
e
Co
mm
it
te
es
di
d
no
t
re
co
mm
en
d
ad
op
ti
on
of
th
e
bi
ol
og
ic
al
ef
fe
ct
co
nc
ep
t
wh
ic
h
is
in
th
e
de
ve
lO
pm
en
t
st
ag
e,
bu
t
st
ro
ng
ly
en
co
ur
ag
ed
fu
rt
he
r
st
ud
y
fo
r
po
ss
ib
le
ad
op
ti
on
in
th
e
fu
tu
re
.
Th
e
in
st
it
u—
ti
on
al
fr
am
ew
or
k
of
th
e
In
te
rn
at
io
na
l
Jo
in
t
Co
mm
is
si
on
pr
ov
id
es
a
fo
ru
m
in
wh
ic
h
de
ci
si
on
s
ca
n
be
ma
de
wh
ic
h
ar
e
cr
it
ic
al
to
the
su
cc
es
s
of
th
is
co
op
er
at
iv
e
sy
st
em
to
re
co
gn
iz
e
de
si
re
d
li
mi
ts
to
bio
log
ica
l
eff
ect
s
on
a w
ate
rbo
dy
or
por
tio
n
the
reo
f.
The
"de
sir
ed
lim
it"
of
bio
log
ica
l e
ffe
ct
agr
eed
upo
n s
hou
ld
be
wor
ked
out
by
the
Par
tie
s,
pro
vin
ces
and
sta
tes
.
A h
igh
deg
ree
of
int
ern
ati
ona
l a
nd
int
era
gen
cy
coo
per
ati
on
is
req
uir
ed
and
the
fir
st
rea
cti
on
of
age
nci
es
may
be
to
bru
sh
it
asi
de
as
unw
ork
abl
e
and
too
com
pli
cat
ed.
Of
tho
se
who
hav
e th
is
rea
cti
on,
the
Com
—
mit
tee
s a
ske
d,
"Wh
at
oth
er
sci
ent
ifi
cal
ly
jus
tif
iab
le
alt
ern
ati
ve
do
we
hav
e?"
The
met
hod
is
sim
pli
sti
c w
hen
com
par
ed
wit
h t
he
complexity of the ecosystem.
To
fur
the
r e
nco
ura
ge
con
sis
ten
t m
ana
gem
ent
by
the
var
iOu
s e
nfo
rce
—
men
t a
gen
cie
s,
the
Com
mit
tee
s d
eve
lop
ed
bro
ad
gui
del
ine
s f
or
mix
ing
zon
es
bas
ed
upo
n p
rin
cip
les
of
goo
d w
ate
r
man
age
men
t
whi
ch
des
cri
be
des
ira
ble
con
dit
ion
s w
ith
in
and
des
ira
ble
loc
ati
ons
for
the
se
zon
es.
 
 In recommending
objectives
to protect
raw pubZic drinking
water
supplies,
it has been assumed
that a minimum
ZeveZ
of
treatment
is provided before
distribution
to
the public
for consumption.
The
Board did
not
design
these objectives
to protect
Great
Lakes
waters
for domestic
use without
treatment.
This
minimum
level of
treatment
includes
coagulation,
sedimentation,
rapid
sand
filtration and
disinfection.
Often,
a numerical
objective
specified
for a contaminant
to protect
raw
public water
supplies
is
the same
as
an established
drinking water
standard
because:
1)
there
is
inadequate
information
on
the
effect
of
the
defined
treatment
process
on contaminant
removal;
or
2)
the defined treatment process is inconsistent in contaminant
removal; or
3)
the defined treatment process is ineffective in contaminant
removal.
As of 1974-75, the Canadian Drinking Water Standards were under
review by a National Working Group composed of federal and
provincial environmental health and environmental water quality
officials.
This Working Group is responsible for a complete
update of the standards by March, 1978.
The United States Congress passed the Safe Drinking Water Act
(PL 93—523) in December, 1974. Under the Act, the United
States Environmental Protection Agency (EPA) published National
Interim Primary Drinking Water Regulations on March 14, 1975.
After a period of review the Regulations were promulgated in
December 1975 to take effect in June 1977.
Also required by
the Safe Drinking Water Act was a report, released to EPA in
May 1977, by the National Academy of ScienCes on recommended
maximum contaminant levels for drinking water.
Following a
review, proposed Revised Primary Drinking Water Regulations
(Health) will be promulgated. The National Secondary Drinking
Water Regulations (Aesthetics) are undergoing an initial review
schedule which is less stringent.
Jurisdictions currently protect their raw public water supplies
by state, provincial or federal standards. Until the recom—
mendations of the Parties work groups are known, existing
regulations represent the best information currently available.
For purposes of surveillance and monitoring to establish
indications of non-compliance, the Committees recommended using
the most restrictive of the raw public water supply standards
of each country.

Chapter III
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S
CHEMICAL CHARACTERISTICS
(A) PERSISTENT TOXIC SUBSTANCES
(1) ORGANIC
RECOMMENDATION
It is recommended that the following numerical objectives for Persistent
Organic Contaminants be adopted to replace the existing interim objective in
Annex I, paragraph 2(c) of the Water Quality Agreement:
Persistent pest control products and other persistent organic contaminants
that are
toxic
or harmful
to human,
animal
or
aquatic
life
should
be
sub—
stantially
absent
in
the waters.
Recognizing
that such
substances
are present
in the
Great Lakes,
the following
objectives
are
recommended for
the known
persistent
organic
contaminants
for which
scientific
data
exist.
Specified concentrations
Compounds
Eatgr
Tissue
ug/2 us/s
Phthalate esters
Dibutyl
phthalate
4.0
0*
Di—(2—ethylhexgl)phthalate
0.6
0*
Other
phthalate
esters
0.2#
0*
Total
PCBS
U*
0.l
Total
DDT/DDE
.003#
l.0
Total Aldrin/Dieldrin
.00l#
0.3+
Ibtal Heptachlor/Heptachlor epoxide
.00l#
0.3+
Endrin
.002#
0.3+
Toxaphene
.008
U*
Chlordane
.060
U*
Lindane
.0l0
0.3+
Methoxychlor
.040
U*
0* — undetermined at present
#
-
recommended
quantification
limit
+
-
based
upon
United
States
Food
and
Drug
Administration
guidelines
for
edible
portions of fish.
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c
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c
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i
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b
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b
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b
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c
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c
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c
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c
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.
No
te
:
Wh
er
e
wa
te
rs
ar
e
fo
un
d
to
be
co
nt
am
in
at
ed
as
de
fi
ne
d
by
e
xc
e
e
d
i
n
g
th
e
ap
pr
op
ri
at
e
ob
je
ct
iv
e,
al
l
re
as
on
ab
le
an
d
pr
ac
ti
ca
bl
e
me
as
ur
es
sh
ou
ld
be
.
ta
ke
n
by
th
e
re
gu
la
ti
ng
ag
en
ci
es
to
re
du
ce
th
e
in
pu
t
of
th
e
pe
rs
is
te
nt
or
ga
ni
c
co
nt
am
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an
t
to
an
y
pa
rt
of
th
e
Gr
ea
t
La
ke
s
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em
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EXISTING OBJECTIVE
Th
e
re
co
mm
en
de
d
nu
me
ri
ca
l
ob
je
ct
iv
es
ar
e
in
te
nd
ed
to
re
pl
ac
e
th
e
ex
is
ti
ng
in
te
ri
m
ob
je
ct
iv
e
in
An
ne
x
1,
pa
ra
gr
ap
h
2
(c
)
of
th
e
Ag
re
em
en
t,
which states:
"P
er
si
st
en
t
Or
ga
ni
c
Co
nt
am
in
an
ts
.
Pe
rs
is
te
nt
pe
st
co
nt
ro
l
pr
od
uc
ts
an
d
ot
he
r
pe
rs
is
te
nt
or
ga
ni
c
co
nt
am
in
an
ts
th
at
ar
e
to
xi
c
or
ha
rm
fu
l
to
hu
ma
n,
an
im
al
or
aq
ua
ti
c
li
fe
sh
ou
ld
be
su
bs
ta
nt
ia
ll
y
ab
se
nt
in
the
waters".
 
RATIONALE
Syn
the
tic
org
ani
c
con
tam
ina
nts
ent
eri
ng
sur
fac
e
wat
ers
may
be
bro
adl
y
div
ide
d i
nto
per
sis
ten
t a
nd
non
—pe
rsi
ste
nt
com
pou
nds
.
The
dis
tin
cti
on
is
imp
ort
ant
sin
ce
the
org
ani
c c
ont
ami
nan
ts
kno
wn
to
pre
sen
t t
he
gre
ate
st
haz
ard
to
hum
an,
ani
mal
and
aqu
ati
c l
ife
are
tho
se
whi
ch
are
res
ist
ant
to
deg
rad
ati
on
and
whic
h ar
e th
us a
vail
able
for
disp
ersi
on i
n th
e en
viro
nmen
t an
d fo
r in
corp
o-
rati
on i
nto
biol
ogic
al
tiss
ues.
Conc
entr
atio
ns o
f pe
rsis
tent
orga
nic
cont
amin
ants
in the aquatic environment seldom achieve acutely toxic proportions except in
localized situations by accident or misuse. Of much greater concern are effects
from long-term exposure at sublethal levels and bioconcentration of residues
resulting in tissue accumulations of increasing magnitude with each higher level
in the aquatic food chain. Thus persistent contaminants must be considered
separately from those which are readily decomposed to non-toxic constituents.
Persistent organic contaminants are, according to the Great Lakes Water
Quality Agreement, to be "substantially absent" from Great Lakes waters. While
the Committees would like to have interpreted this as completely absent from
the aquatic ecosystem, they were constrained by the need to justify selected
levels based upon protection of all potential uses. Consequently, they recommended
levels based upon (1) protection of all aspects of aquatic life and human health
as measured by water and tissue levels, (2) quantification limits for water
concentrations, and (3) drinking water and food standards when these levels were
limiting. Persistent organic compounds in water, with the possible exception
of oil (covered under a separate objective), do not limit recreational uses of
water.
Levels of persistent organic contaminants in water\suitable for agricultural
use
are
also
likely
to provide
adequate
protection
for
aquatic
life.
10
Persistence
A persistent compound is defined as one which either (a) by itself
or
as
its
transformation
product,
has
a half—life
for degradation
under
natural environmental conditions of more than eight weeks, or,
(b) by itself
or
as
its
transformation
product,
on
entering
surface
waters
may
bioconcentrate
in the biota of the receiving system.
Persistence
is
the
property
of
chemical
compounds,
measured
in
units
of
time,
which
describes
their
ability
to
resist
structural
alteration
under
specific
physical
and
chemical
conditions.
Under
similar
environmental
conditions,
different
compounds
exhibit
different
persistencies
depending
on
their
molecular
configuration.
Since
no
standard
test
of
persistence
has
yet
been
developed,
the
term
lacks
precise
definition.
This
is
reflected
in
the
common
practice
of
arbitrarily
classifying
environmental
contaminants
as
persistent
when
their
presence
can
be
demonstrated
in
different
substrates
several
days
or
weeks
after
release.
It
is
desirable
to
develop
a
standard
test
of
persistence
before
introducing
an
objective
for
persistent
contaminants
in
water.
However,
such
a
test
cannot
be
arbitrarily
selected,
will
require
careful
research
and
evaluation,
and
must
be
generally
acceptable
to
the
scientific
community
before
its
application
for
regulatory
purposes.
Whereas
such
research
should
be
stimulated
at
the
earliest
opportunity,
it
is
not
possible
to
develop
an
acceptable
test
for
"persistence"
for
incorporation
into
the
impending
revision
of
the
Great
Lakes
Water
Quality
Agreement.
Thus
if
the
word
"
p
e
r
s
i
s
t
e
n
c
e
"
is
to
a
p
p
e
a
r
in
t
h
e
o
b
j
e
c
t
i
v
e
s
it
m
u
s
t
i
n
c
l
u
d
e
t
h
e
p
r
e
s
e
n
t
b
r
o
a
d
m
e
a
n
i
n
g
i
n
d
i
c
a
t
e
d
in
(a)
of
the
a
b
o
v
e
d
e
f
i
n
i
t
i
o
n
.
A
l
a
b
o
r
a
t
o
r
y
s
t
u
d
y
of
e
i
g
h
t
o
r
g
a
n
o
c
h
l
o
r
i
n
e
,
ten
o
r
g
a
n
o
p
h
o
s
p
h
o
r
u
s
and
s
e
v
e
n
c
a
r
b
a
m
a
t
e
c
o
m
p
o
u
n
d
s
s
h
o
w
e
d
m
a
r
k
e
d
d
i
f
f
e
r
e
n
c
e
s
in
p
e
r
s
i
s
t
e
n
c
e
in
r
i
v
e
r
w
a
t
e
r
o
v
e
r
a
n
e
i
g
h
t
w
e
e
k
p
e
r
i
o
d
(1).
T
h
e
r
e
s
u
l
t
s
i
n
d
i
c
a
t
e
d
,
h
o
w
e
v
e
r
,
t
h
a
t
5
0
%
o
r
m
o
r
e
o
f
t
h
e
i
n
i
t
i
a
l
c
o
n
c
e
n
t
r
a
t
i
o
n
s
(
1
0
u
g
/
R
)
o
f
a
l
l
m
a
j
o
r
e
n
v
i
r
o
n
m
e
n
t
a
l
c
o
n
t
a
m
i
n
a
n
t
s
s
t
u
d
i
e
d
r
e
m
a
i
n
e
d
a
t
t
h
e
t
e
r
m
i
n
a
t
i
o
n
o
f
t
h
e
s
t
u
d
y
.
C
o
n
s
e
q
u
e
n
t
l
y
a
h
a
l
f
—
l
i
f
e
o
f
e
i
g
h
t
w
e
e
k
s
i
s
a
r
e
a
s
o
n
a
b
l
e
c
r
i
t
e
r
i
o
n
f
o
r
s
e
p
a
r
a
t
i
n
g
p
e
r
s
i
s
t
e
n
t
a
n
d
n
o
n
—
p
e
r
s
i
s
t
e
n
t
c
o
m
p
o
u
n
d
s
i
n
w
a
t
e
r
.
I
n
k
e
e
p
i
n
g
w
i
t
h
t
h
e
i
n
t
e
n
t
o
f
t
h
e
o
b
j
e
c
t
i
v
e
s
t
h
a
t
p
e
r
s
i
s
t
e
n
t
o
r
g
a
n
i
c
c
o
n
t
a
m
i
n
a
n
t
s
b
e
s
u
b
s
t
a
n
t
i
a
l
l
y
a
b
s
e
n
t
,
t
h
e
d
e
f
i
n
i
t
i
o
n
w
a
s
m
o
d
i
f
i
e
d
t
o
i
n
c
l
u
d
e
b
i
o
c
o
n
c
e
n
t
r
a
t
i
o
n
p
o
t
e
n
t
i
a
l
t
h
e
r
e
b
y
p
r
o
v
i
d
i
n
g
f
o
r
t
h
e
d
i
s
t
i
n
c
t
p
o
s
s
i
b
i
l
i
t
y
t
h
a
t
l
e
v
e
l
s
i
n
t
i
s
s
u
e
m
a
y
a
c
c
u
m
u
l
a
t
e
f
r
o
m
w
a
t
e
r
c
o
n
c
e
n
t
r
a
t
i
o
n
s
b
e
l
o
w
t
h
o
s
e
w
h
i
c
h
c
a
n
b
e
d
e
t
e
c
t
e
d
.
T
h
i
s
e
f
f
e
c
t
i
s
p
r
o
v
i
d
e
d
f
o
r
i
n
p
a
r
t
(
b
)
o
f
t
h
e
d
e
f
i
n
i
t
i
o
n
.
 
 W
h
i
l
e
t
h
e
p
r
o
b
l
e
m
o
f
b
i
o
c
o
n
c
e
n
t
r
a
t
i
o
n
i
s
r
e
a
l
a
n
d
i
s
t
h
e
r
e
a
s
o
n
f
o
r
i
n
c
l
u
d
i
n
g
t
i
s
s
u
e
l
e
v
e
l
s
i
n
t
h
e
o
b
j
e
c
t
i
v
e
s
,
b
i
o
c
o
n
c
e
n
t
r
a
t
i
o
n
f
a
c
t
o
r
s
a
r
e
n
o
t
s
t
a
n
d
a
r
d
i
z
e
d
,
s
o
m
e
t
i
m
e
s
d
e
r
i
v
e
d
b
y
c
o
m
b
i
n
i
n
g
d
i
e
t
a
r
y
a
n
d
d
i
r
e
c
t
w
a
t
e
r
u
p
t
a
k
e
d
a
t
a
,
a
n
d
s
o
m
e
t
i
m
e
s
f
r
o
m
s
y
s
t
e
m
s
c
o
n
s
i
d
e
r
a
b
l
y
a
b
o
v
e
t
h
e
s
o
l
u
b
i
l
i
t
y
o
f
t
h
e
c
o
m
p
o
u
n
d
u
n
d
e
r
e
x
a
m
i
n
a
t
i
o
n
.
A
s
a
r
e
s
u
l
t
o
f
t
h
e
s
e
a
n
d
o
t
h
e
r
d
i
f
f
i
c
u
l
t
i
e
s
in
d
e
t
e
r
m
i
n
i
n
g
t
h
i
s
fa
ct
or
,
no
d
e
f
e
n
s
i
b
l
e
o
b
j
e
c
t
i
v
e
c
a
n
p
r
e
s
e
n
t
l
y
b
e
b
a
s
e
d
.
p
r
i
m
a
r
i
l
y
up
on
th
is
in
fl
ue
nc
e.
Fu
tu
re
wo
r
k
in
th
is
ar
ea
m
a
y
ch
an
ge
th
e
Si
tu
at
io
n.
Aguatic Life
Bo
dy
bu
rd
en
s
of
pe
rs
is
te
nt
or
ga
ni
c
co
nt
am
in
an
ts
in
aq
ua
ti
c
bi
ot
a
an
d
th
os
e
of
th
ei
r
pr
ed
at
or
s
ma
y
li
mi
t
sp
ec
ie
s
su
rv
iv
al
.
Mo
st
of
th
es
e
co
mp
ou
nd
s
ar
e
cl
as
si
fi
ed
by
or
ga
ni
c
ch
em
is
ts
as
"n
on
—p
ol
ar
"
an
d
as
su
ch
th
ey
ar
e
ve
ry
in
so
lu
bl
e
an
d
li
ab
le
to
oc
cu
r
pr
ed
om
in
an
tl
y
as
ad
so
rb
ed
ma
te
ri
al
on
th
e
pa
rt
ic
ul
at
e
lo
ad
.
Fr
om
th
er
e
it
ma
y
be
in
ge
st
ed
al
on
g
wi
th
th
e
pa
rt
ic
ul
at
es
,
th
us
en
te
ri
ng
th
e
fo
od
ch
ai
n,
or
it
ma
y
be
de
po
si
te
d
in
th
e
se
di
me
nt
fr
om
wh
er
e
it
ca
n
en
te
r
vi
a
be
nt
hi
c
or
ga
ni
sm
.
Fi
sh
ma
y
al
so
ab
so
rb
th
es
e
co
mp
ou
nd
s
di
re
ct
ly
th
ro
ug
h
th
e
gi
ll
s.
In
hi
gh
er
tr
op
hi
c
or
ga
ni
sm
s,
th
e
pe
rs
is
te
nt
ma
te
-
ri
al
us
ua
ll
y
en
ds
up
in
th
e
li
ve
r
or
in
th
e
ad
ip
os
e
ti
ss
ue
du
e
to
it
s
pr
ef
e-
re
nt
ia
l
so
lu
bi
li
ty
in
fat
s
an
d
oi
ls
ra
th
er
th
an
in
aq
ue
ou
s
flu
ids
.
In
ma
ny
ca
se
s,
bi
oc
on
ce
nt
ra
ti
on
al
so
oc
cu
rs
be
ca
us
e
the
ma
te
ri
al
ma
y
no
t
re
ad
il
y
be
exc
ret
ed
by
the
org
ani
sm.
Bec
aus
e o
f
the
se
con
sid
era
tio
ns,
sed
ime
nts
,
pla
nkt
on,
fis
h
tis
sue
and
pre
dat
ors
of
fis
h
are
pro
bab
ly
bet
ter
ind
ica
tor
s o
f
the
pre
sen
ce
of
per
sis
ten
t o
rga
nic
con
tam
ina
nts
tha
n w
ate
r.
Avi
an
and
oth
er
non
-aq
uat
ic
pre
dat
ors
are
of
con
cer
n s
inc
e t
hey
fee
d o
n a
qua
tic
lif
e a
nd
the
ir
bod
y b
urd
ens
may
acc
umu
lat
e t
o t
oxi
c l
eve
ls
as
a re
sult
.
Sin
ce
fis
h a
re
the
imp
ort
ant
foo
d
scur
ce f
or t
hese
pred
ator
s, l
evel
s ar
e la
rgel
y se
t fo
r fi
sh t
issu
e, b
ut w
here
it c
an b
e sh
own
that
detr
imen
tal
effe
cts
occu
r in
the
pred
ator
s th
e ti
ssue
leve
l
objective should also be extended to include them.
The dynamics of adsorption also give rise to increased levels of persistent
organic contaminants in the sediments. However, sediments are prone to movements
over large distances through current action. Moreover, present technology
cannot determine their deposition rates on a useful time scale for these
monitoring purposes. Hence, sediments presently can indicate presence of the
contaminants but cannot easily be related to detrimental effects. It is
recommended that studies be undertaken into sampling methods to permit the
use of sediment levels for measuring contamination. For the present however,
criteria are not recommended for this compartment of the ecosystem.
Specific recommendations have been made for those cases where chronic
toxicity experiments have determined "safe" levels for representative fish and
invertebrate species. In cases where subtle and deleterious effects were
noted at the lowest chronic dose level (e.g., a partial reduction in hatchability
of eggs), an arbitrary safety factory of 0.2 was applied to estimate the "safe"
level.
Where acute toxicity studies indicated that some species of fish were
more sensitive than those actually investigated, an experimentally determined
application
factor for
fish
for
the
compound
in question was used
to estimate
H
a
safe"
level
for
the
more
sensitive
species.
Data
for
invertebrate
studies
were
handled
in
the
same
fashion.
 
 When
field
studies
of
toxic
materials
at
chronic
levels
were
available
which
documented
water
concentrations
and
used
intensive
ecological
analyses,
they
were
given
greater
weight
than
laboratory
studies.
Concentration
factors
for
pesticides
from
water
to
aquatic
life
were
found
to
be
too
variable
(often
greater
than
an
order
of
magnitude)
to
be
utilized
meaningfully
in
the
establishment
of
water
quality
criteria.
Therefore,
body
burdens
of
various
persistent
chemicals
in
fish
were
used
directly
when
appropriate
information
existed.
Protection
of
wildlife
which
consumes
aquatic
life
is
based
on
chronic
feeding
studies
of
sensitive
species
and
calls
for
restrictions
on body burdens.
It
is
the
intent
of
the
Agreement
to
protect
boundary
waters
of
the
Great
Lakes
system
as
a
raw
public
water
supply
which
will
produce
safe
drinking
water
after
treatment.
In
addition,
fish
for
human
consumption
should
be
protected.
Existing
standards
for
most
of
the
toxic
persistent
organic
c
o
n
t
a
m
i
n
a
n
t
s
a
r
e
i
n
a
d
e
q
u
a
t
e
to
p
r
o
t
e
c
t
a
q
u
a
t
i
c
life.
P
r
o
t
e
c
t
i
o
n
of
f
i
s
h
as
a
r
e
s
o
u
r
c
e
is
p
r
o
v
i
d
e
d
b
y
g
u
i
d
e
l
i
n
e
s
of
the
U
n
i
t
e
d
S
t
a
t
e
s
Food
and
D
r
u
g
A
d
m
i
n
i
s
t
r
a
t
i
o
n
f
o
r
t
h
r
e
e
p
e
r
s
i
s
t
e
n
t
o
r
g
a
n
i
c
s
(
s
e
e
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
)
.
A
s
n
e
w
s
t
a
n
d
a
r
d
s
r
e
l
a
t
i
n
g
to
r
a
w
w
a
t
e
r
s
u
p
p
l
i
e
s
o
r
d
r
i
n
k
i
n
g
w
a
t
e
r
w
h
i
c
h
a
r
e
l
o
w
e
r
t
h
a
n
r
e
c
o
m
m
e
n
d
e
d
w
a
t
e
r
c
o
n
c
e
n
t
r
a
t
i
o
n
s
a
r
e
d
e
v
e
l
o
p
e
d
a
n
d
a
d
o
p
t
e
d
b
y
C
a
n
a
d
i
a
n
o
r
U
n
i
t
e
d
S
t
a
t
e
s
f
e
d
e
r
a
l
a
g
e
n
c
i
e
s
,
t
h
e
y
s
h
o
u
l
d
a
l
s
o
b
e
a
d
o
p
t
e
d
a
s
p
a
r
t
o
f
t
h
e
s
p
e
c
i
f
i
c
o
b
j
e
c
t
i
v
e
s
,
a
s
s
h
o
u
l
d
n
e
w
e
d
i
b
l
e
t
i
s
s
u
e
g
u
i
d
e
l
i
n
e
s
f
r
o
m
t
h
e
F
o
o
d
a
n
d
D
r
u
g
A
d
m
i
n
i
s
t
r
a
t
i
o
n
o
r
t
h
e
C
a
n
a
d
i
a
n
F
o
o
d
a
n
d
D
r
u
g
D
i
r
e
c
t
o
r
a
t
e
.
Q
u
a
n
t
i
f
i
c
a
t
i
o
n
L
i
m
i
t
s
 
T
h
e
w
a
t
e
r
q
u
a
l
i
t
y
o
b
j
e
c
t
i
v
e
s
p
r
o
p
o
s
e
d
f
o
r
p
e
r
s
i
s
t
e
n
t
o
r
g
a
n
i
c
c
o
n
t
a
m
i
n
a
n
t
s
a
r
e
b
a
s
e
d
o
n
t
h
e
i
n
t
e
n
t
e
x
p
r
e
s
s
e
d
i
n
t
h
e
e
x
i
s
t
i
n
g
A
g
r
e
e
m
e
n
t
t
h
a
t
s
u
c
h
m
a
t
e
r
i
a
l
s
s
h
o
u
l
d
b
e
"
s
u
b
s
t
a
n
t
i
a
l
l
y
a
b
s
e
n
t
"
w
i
t
h
i
n
t
h
e
b
o
u
n
d
a
r
y
w
a
t
e
r
s
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
.
T
h
e
p
h
i
l
o
s
o
p
h
y
a
s
s
u
m
e
d
,
w
h
i
c
h
i
s
p
e
r
p
e
t
u
a
t
e
d
h
e
r
e
,
i
s
t
h
a
t
a
d
a
n
g
e
r
e
x
i
s
t
s
i
n
a
l
l
o
w
i
n
g
p
e
r
s
i
s
t
e
n
t
m
a
t
e
r
i
a
l
s
o
f
u
n
k
n
o
w
n
f
a
t
e
o
r
b
i
o
l
o
g
i
c
a
l
s
i
g
n
i
f
i
c
a
n
c
e
t
o
b
e
a
d
d
e
d
t
o
s
u
r
f
a
c
e
w
a
t
e
r
s
w
i
t
h
i
n
a
r
b
i
t
r
a
r
i
l
y
e
s
t
a
b
l
i
s
h
e
d
l
i
m
i
t
s
b
e
c
a
u
s
e
t
h
e
r
e
i
s
n
o
a
s
s
u
r
a
n
c
e
t
h
a
t
b
i
o
c
o
n
c
e
n
t
r
a
t
i
o
n
w
i
l
l
n
o
t
o
c
c
u
r
a
n
d
r
e
a
c
h
u
n
a
c
c
e
p
t
a
b
l
e
l
e
v
e
l
s
.
C
o
r
r
e
c
t
i
v
e
a
c
t
i
o
n
m
a
y
c
o
m
e
t
o
o
l
a
t
e
t
o
o
f
f
s
e
t
s
e
r
i
o
u
s
e
n
v
i
r
o
n
m
e
n
t
a
l
c
o
n
s
e
q
u
e
n
c
e
s
.
T
h
e
r
e
f
o
r
e
,
t
h
e
p
h
i
l
o
s
o
p
h
y
o
f
s
u
b
s
t
a
n
t
i
a
l
a
b
s
e
n
c
e
o
f
t
h
e
s
e
s
u
b
s
t
a
n
c
e
s
i
s
e
n
d
o
r
s
e
d
.
I
n
a
p
r
a
c
t
i
c
a
l
s
e
n
s
e
t
h
i
s
i
s
a
c
o
n
c
e
n
t
r
a
t
i
o
n
b
e
l
o
w
w
h
i
c
h
n
o
a
m
o
u
n
t
o
f
t
h
e
m
a
t
e
r
i
a
l
c
a
n
b
e
d
e
t
e
c
t
e
d
b
y
t
h
e
m
o
s
t
s
e
n
s
i
t
i
v
e
a
n
a
l
y
t
i
c
a
l
t
e
c
h
n
i
q
u
e
s
.
T
h
i
s
p
h
i
l
o
s
o
p
h
y
s
h
o
u
l
d
b
e
a
d
o
p
t
e
d
p
a
r
t
i
c
u
l
a
r
l
y
f
o
r
p
r
o
v
e
n
c
a
r
c
i
n
o
g
e
n
s
.
I
n
a
s
u
r
v
e
y
o
f
t
e
n
l
a
b
o
r
a
t
o
r
i
e
s
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
r
e
g
i
o
n
c
u
r
r
e
n
t
l
y
d
o
i
n
g
r
o
u
t
i
n
e
d
e
t
e
r
-
m
i
n
a
t
i
o
n
s
o
f
p
e
s
t
i
c
i
d
e
s
a
n
d
o
t
h
e
r
p
e
r
s
i
s
t
e
n
t
o
r
g
a
n
i
c
c
o
n
t
a
m
i
n
a
n
t
s
,
t
h
e
f
o
l
l
o
w
i
n
g
m
e
a
n
s
a
n
d
r
a
n
g
e
s
o
f
q
u
a
n
t
i
f
i
c
a
t
i
o
n
l
i
m
i
t
s
w
e
r
e
r
e
p
o
r
t
e
d
(
T
a
b
l
e
l
)
.
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Table l
P
E
R
S
I
S
T
E
N
T
O
R
G
A
N
I
C
C
O
N
T
A
M
I
N
A
N
T
S
Q
U
A
N
T
I
F
I
C
A
T
I
O
N
L
I
M
I
T
S
c
o
m
p
o
u
n
d
3
:
7
2
E
:
?
%
e
:
:
:
:
:
?
:
2
3
:
:
i
o
n
l
i
m
i
t
ug/R
L
i
n
d
a
n
e
.
0
0
4
.
0
0
1
—
.
0
1
0
.
0
0
1
H
e
p
t
a
c
h
l
o
r
.
0
0
4
.
0
0
1
—
.
0
1
0
.
0
0
1
H
e
p
t
a
c
h
l
o
r
E
p
o
x
i
d
e
.
0
0
4
.
0
0
1
-
.
0
1
0
.
0
0
1
p
p
'
-
D
D
D
.
0
1
2
.
0
0
1
—
.
0
5
0
.
0
0
2
p
p
'
—
D
D
E
.
0
1
1
.
0
0
1
—
.
0
5
0
.
0
0
2
p
p
'
—
D
D
T
.0
11
.
0
0
1
—.
1
2
5
.0
03
o
p
'
—
D
D
T
.
0
1
4
.
0
0
1
—
.
0
4
5
.
0
0
3
A
l
d
r
i
n
.0
04
.0
01
—.
01
0
.0
01
D
i
e
l
d
r
i
n
.0
08
.0
01
—.
02
5
.0
01
En
dr
in
.0
08
.0
01
—.
02
0
.0
02
Ch
lo
rd
an
e
.0
05
.0
02
—.
01
0
.0
02
To
ta
l
PC
B
.0
35
#
.0
10
—.
10
0#
.0
10
pp
'
Me
th
ox
yc
hl
or
.0
20
.0
10
-.
05
0
.0
10
Ph
th
al
at
e
es
te
rs
.6
.1
—1
.5
.2
#
do
es
no
t
in
cl
ud
e
a
si
ng
le
hi
gh
va
lu
e
of
1.
5
ug
/l
.
Th
e
th
ir
d
co
lu
mn
is
th
e
me
an
of
th
e
lo
we
st
th
re
e
qu
an
ti
fi
ca
ti
on
li
mi
ts
re
po
rt
ed
.
Si
nc
e
it
is
de
si
ra
bl
e
to
en
co
ur
ag
e
th
e
de
ve
lo
pm
en
t
of
mo
re
se
ns
it
iv
e
pr
oc
ed
ur
es
,
an
d
no
t
to
co
nd
on
e
in
se
ns
it
iv
e
de
te
rm
in
at
io
ns
,
th
es
e
me
an
s
ar
e
re
co
mm
en
de
d.
Th
ey
ar
e
em
pl
oy
ed
,
wh
er
e
ap
pr
op
ri
at
e,
to
sp
ec
if
y
co
nc
en
tr
at
io
ns
fo
r
wh
ic
h
ex
pe
ri
me
nt
al
da
ta
ar
e
no
t
av
ai
la
bl
e
to
pr
od
uc
e
"s
af
e"
wa
te
r
le
ve
ls
bu
t
whe
re
the
re
are
dat
a
to
est
abl
ish
"sa
fe"
tis
sue
lev
els
.
 
\
1
4
 Where
an organic
compound
can be demonstrated
to be
persistent
and
likely
toxic
and
for which data
are unavailable
to
establish
either
"safe"
water
or
tissue
concentrations,
it
is
recommended
that
its
concentration
in
water
or
aquatic
organisms
be
limited
to
the
detection
level
as
determined
by
the
best
scientific
methodology
available
at
the
time.
These
quantification
and
detection
limits,
however,
should
not
be
accepted
as
permanent
substitutes
for
experimentally
determined
"safe"
concentrations.
Instead,
it
is
intended
that
they
should
stimulate
research
on
safety
evaluations
and
analytical
methods,
plus
provide
a
mechanism
for
action
in
the
case
of
newly observed contaminants.
LITERATURE CITED
1.
Eichelberger,
J.W.,
and
J.J.
Lichtenberg.
"Persistence
of
pesticides
in
river
water”.
Env.
Sci.
Tech.
5(6):
541—544
(1971).
15
(a) Pesticides
(i) Aldrin/Dieldrin
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e r
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in
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1 u
g/g.
In
the
aqu
ati
c f
ield
, 0
.36
ug/
g
in the diet of the rainbow trout affected the biochemical processes of the
fish (9). The allowable edible fish tissue concentration under the United States
Food and Drug Administration guidelines of 0.3 ug/g is recommended.
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The
con
cen
tra
tio
n o
f
DDT
in
wat
er
whi
ch
is
lik
ely
to
pro
duc
e
una
cce
pt—
abl
e b
ody
bur
den
s
in
fis
h
can
not
be
est
ima
ted
aCC
ura
tel
y
sin
ce
con
cen
tra
tio
n
fac
tor
s
for
DDT
app
ear
to
dif
fer
amo
ng
the
var
iou
s
Gre
at
Lak
es,
pos
sib
ly
due
to
oth
er
wat
er
qua
lit
y p
ara
met
ers
.
Wat
er
con
cen
tra
tio
ns
whi
ch
are
"sa
fe"
for
fis
h a
ppe
ar
to
be
hig
her
tha
n t
hos
e w
hic
h p
rod
uce
una
cce
pta
ble
bod
y b
urd
ens
.
How
eve
r,
"sa
fe"
wat
er
con
cen
tra
tio
ns
for
fis
h h
ave
not
bee
n e
sta
bli
she
d b
y
chronic experiments measuring subtle effectson fish. Therefore, no "safe"
water concentration of DDT can be established and consequently the concentration
of DDT in water should not exceed the recommended quantification limit of 0.003 ug/l,
based on the lower three reported values from the laboratory survey (Table l, p.14).
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te
r
Qu
al
it
y
Agreement:
Th
e
co
nc
en
tr
at
io
n
of
en
dr
in
in
wa
te
r
sh
ou
ld
no
t
ex
ce
ed
th
e
re
co
mm
en
de
d
qu
an
ti
fi
ca
ti
on
li
mi
t
of
0.
00
2
mi
cr
og
ra
ms
pe
r
li
tr
e.
Th
e
co
nc
en
tr
at
io
n
I
of
en
dr
in
in
th
e
ed
ib
le
po
rt
io
n
of
fi
sh
sh
ou
ld
no
t
ex
ce
ed
0.
3
mi
cr
og
ra
ms
pe
r
gr
am
fo
r
th
e
pr
ot
ec
ti
on
of
hu
ma
n
co
ns
um
er
s
of
fi
sh
.
RATIONALE
Wh
il
e
co
ns
id
er
ab
le
da
ta
ar
e
av
ai
la
bl
e
on
th
e
ac
ut
e
to
xi
ci
ty
(9
6—
ho
ur
LC
SO
)
of
en
dr
in
fo
r
fi
sh
at
ap
pr
ox
im
at
el
y
0.
5
ug
/R
(1
,3
,4
),
no
ex
pe
ri
me
nt
al
da
ta
ar
e
av
ai
la
bl
e
wh
ic
h
wo
ul
d
pe
rm
it
th
e
tr
an
sl
at
io
n
of
th
es
e
co
nc
en
tr
at
io
ns
to
"s
af
e"
le
ve
ls
fo
r
aq
ua
ti
c
or
ga
ni
sm
s.
Th
er
e
is
a
re
po
rt
ed
30
—d
ay
LC
50
fo
r
th
e
st
on
ef
ly
na
ia
d
of
0.
03
5
ug
/l
(2
),
so
"s
af
e"
le
ve
ls
to
pr
ot
ec
t
al
l
aq
ua
ti
c
or
ga
ni
sm
s
mu
st
li
e
be
lo
w
th
is
va
lu
e.
In
ad
di
ti
on
to
th
e
ab
se
nc
e
of
ap
pr
op
ri
at
e
ch
ro
ni
c
to
xi
ci
ty
da
ta
,
th
e
gu
id
el
in
es
fo
r
ra
w
wa
te
r
do
no
t
pr
ov
id
e
pr
ot
ec
ti
on
fo
r
al
l
aq
ua
ti
c
or
ga
ni
sm
s.
Co
ns
eq
ue
nt
ly
,
it
is
re
co
mm
en
de
d
th
at
th
e
co
nc
en
tr
at
io
n
of
en
dr
in
in
wa
te
r
sh
ou
ld
no
t
ex
ce
ed
th
e
re
co
mm
en
de
d
qu
an
ti
fi
ca
ti
on
li
mi
t
as
de
ri
ve
d
fr
om
th
e
su
rv
ey
of
la
bo
ra
to
ri
es
(T
ab
le
1,
p
14
)
an
d
me
nt
io
ne
d
in
th
e
ge
ne
ra
l
se
ct
io
n
on
pe
rs
is
te
nt
or
ga
ni
c
co
nt
am
in
an
ts
.
Be
ca
us
e
it
is
fe
lt
th
at
lo
w
le
ve
ls
sh
ou
ld
be
so
ug
ht
in
si
tu
at
io
ns
wh
er
e
da
ta
ar
e
in
ad
eq
ua
te
to
su
pp
or
t
a
hi
gh
er
le
ve
l,
th
e
qu
an
ti
fi
ca
ti
on
li
mi
t
is
se
t
at
th
e
me
an
of
th
e
lo
we
r
th
re
e
of
th
os
e
re
po
rt
in
g
in
th
e
ab
ov
e
su
rv
ey
.
Th
e
le
ve
l
re
co
mm
en
de
d
fo
r
wa
te
r
is
th
er
ef
or
e
0.
00
2
ug
/K
.
Tw
o
va
lu
es
fo
r
ti
ss
ue
le
ve
ls
ar
e
ap
pr
op
ri
at
e
fo
r
co
ns
id
er
at
io
n.
Am
er
ic
an
ke
st
re
ls
sh
ow
ed
ad
ve
rs
e
ef
fe
ct
s
wh
en
fe
d
a
di
et
co
nt
ai
ni
ng
0.
5
ug
/g
of
en
dr
in
(5
);
ho
we
ve
r,
th
ey
ar
e
no
t
fi
sh
—e
at
in
g
pr
ed
at
or
s.
Th
e
Un
it
ed
St
at
es
Fo
od
an
d
Dr
ug
Ad
mi
ni
st
ra
ti
on
gu
id
el
in
e
of
0.
3
ug
/g
fo
r
re
si
du
es
of
th
is
co
mp
ou
nd
in
ed
ib
le
fi
sh
ti
ss
ue
is
re
co
mm
en
de
d
fo
r
th
e
pr
ot
ec
ti
on
of
co
ns
um
er
s
of
fi
sh
.
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(
v
)
H
e
p
t
a
c
h
l
o
r
R
E
C
O
M
M
E
N
D
A
T
I
O
N
I
t
i
s
r
e
c
o
m
m
e
n
d
e
d
t
h
a
t
t
h
e
f
o
l
l
o
w
i
n
g
n
u
m
e
r
i
c
a
l
o
b
j
e
c
t
i
v
e
f
o
r
h
e
p
t
a
c
h
l
o
r
b
e
a
d
o
p
t
e
d
t
o
r
e
p
l
a
c
e
,
i
n
p
a
r
t
,
t
h
e
e
x
i
s
t
i
n
g
i
n
t
e
r
i
m
o
b
j
e
c
t
i
v
e
f
o
r
P
e
r
s
i
s
t
e
n
t
O
r
g
a
n
i
c
C
o
n
t
a
m
i
n
a
n
t
s
i
n
A
n
n
e
x
1
,
p
a
r
a
g
r
a
p
h
2
(
c
)
o
f
t
h
e
W
a
t
e
r
Q
u
a
l
i
t
y
A
g
r
e
e
m
e
n
t
:
T
h
e
s
u
m
o
f
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
h
e
p
t
a
c
h
l
o
r
a
n
d
h
e
p
t
a
c
h
l
o
r
e
p
o
x
i
d
e
i
n
w
a
t
e
r
s
h
o
u
l
d
n
o
t
e
x
c
e
e
d
t
h
e
r
e
c
o
m
m
e
n
d
e
d
q
u
a
n
t
i
f
i
c
a
t
i
o
n
l
i
m
i
t
o
f
0
.
0
0
l
m
i
c
r
o
g
r
a
m
s
p
e
r
l
i
t
r
e
.
T
h
e
s
u
m
o
f
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
h
e
p
t
a
c
h
l
o
r
a
n
d
h
e
p
t
a
c
h
l
o
r
e
p
o
x
i
d
e
i
n
e
d
i
b
l
e
p
o
r
t
i
o
n
s
o
f
f
i
s
h
s
h
o
u
l
d
n
o
t
e
x
c
e
e
d
0
.
3
m
i
c
r
o
g
r
a
m
s
p
e
r
g
r
a
m
f
o
r
t
h
e
p
r
o
t
e
c
t
i
o
n
o
f
h
u
m
a
n
c
o
n
s
u
m
e
r
s
o
f
f
i
s
h
.
RATIONALE
E
p
o
x
i
d
a
t
i
o
n
o
f
h
e
p
t
a
c
h
l
o
r
y
i
e
l
d
s
h
e
p
t
a
c
h
l
o
r
e
p
o
x
i
d
e
.
E
p
o
x
i
d
a
t
i
o
n
i
s
a
r
e
a
c
t
i
o
n
w
h
i
c
h
i
s
f
a
c
i
l
e
i
n
t
h
e
a
q
u
a
t
i
c
e
n
v
i
r
o
n
m
e
n
t
(
1
,
2
,
4
,
7
,
9
)
.
S
i
n
c
e
t
h
e
e
p
o
x
i
—
d
i
z
e
d
f
o
r
m
is
a
t
l
e
a
s
t
a
s
t
o
x
i
c
a
s
t
h
e
p
a
r
e
n
t
c
o
m
p
o
u
n
d
(
5
,
8
)
,
h
e
p
t
a
c
h
l
o
r
c
o
n
c
e
n
t
r
a
—
t
i
o
n
s
a
r
e
e
x
p
r
e
s
s
e
d
a
s
t
h
e
s
u
m
o
f
h
e
p
t
a
c
h
l
o
r
p
l
u
s
h
e
p
t
a
c
h
l
o
r
e
p
o
x
i
d
e
.
O
n
t
h
e
b
a
s
i
s
o
f
a
v
a
i
l
a
b
l
e
e
v
i
d
e
n
c
e
,
n
o
e
x
p
e
r
i
m
e
n
t
a
l
l
y
d
e
t
e
r
m
i
n
a
b
l
e
"
s
a
f
e
"
l
e
v
e
l
s
c
a
n
b
e
se
t
fo
r
h
e
p
t
a
c
h
l
o
r
in
wa
t
e
r
.
B
e
c
a
u
s
e
t
h
e
l
o
w
e
s
t
a
v
a
i
l
a
b
l
e
L
0
5
0
of
1.
1
ug
/
Q
fo
r
s
t
o
n
e
f
l
i
e
s
(6
)
c
a
n
n
o
t
b
e
t
r
a
n
s
l
a
t
e
d
in
to
"
s
a
f
e
"
l
e
ve
l
s
,
a
q
u
a
n
t
i
f
i
c
a
t
i
o
n
l
i
m
i
t
is
r
e
c
o
m
m
e
n
d
e
d
.
T
h
e
l
i
m
i
t
of
0
.
0
0
1
ug
/
l
t
o
t
a
l
in
w
a
t
e
r
is
th
e
m
e
a
n
of
th
e
lo
we
st
th
re
e
re
po
rt
ed
va
lu
es
in
th
e
su
rv
ey
ci
te
d
in
Ta
bl
e
1,
p.
14
.
Fo
r
ti
ss
ue
s,
th
e
m
i
n
i
m
a
l
or
no
—e
ff
ec
t
di
et
ar
y
le
ve
l
fo
r
ra
ts
an
d
do
gs
is
re
po
rt
ed
at
0.
5
ug
/g
(3
).
Th
e
Un
it
ed
St
at
es
Fo
od
an
d
Dr
ug
Ad
mi
ni
st
ra
ti
on
gu
id
el
in
e
fo
r
th
is
pe
st
ic
id
e
as
a
re
si
du
e
in
ed
ib
le
fi
sh
ti
ss
ue
is
0.
3
ug
/g
an
d
in
th
e
ab
se
nc
e
of
aq
ua
ti
c
do
si
ng
ex
pe
ri
me
nt
s,
th
e
la
tt
er
le
ve
l
is
re
co
mm
en
de
d
fo
r
ed
ib
le
po
rt
io
ns
of
fi
sh
in
th
e
Gr
ea
t
La
ke
s.
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(vi)Lindane
RECOMMENDATION
It
is
rec
omm
end
ed
tha
t t
he
fol
low
ing
num
eri
cal
obj
ect
ive
for
lin
dan
e b
e
adop
ted
to r
epla
ce,
in p
art,
the
exis
ting
inte
rim
obje
ctiv
e fo
r Pe
rsis
tent
Orga
nic
Contaminants in Annex 1, paragraph 2(c) of the Water Quality Agreement:
The concentration of lindane in water should not exceed 0.0l micrograms
per litre for the protection of aquatic life. The concentration of
lindane in edible portions of fish should not exceed 0.3 micrograms per
gram for the protection of human consumers of fish.
RAITONALE
Macek et al. (3) experimentally determined "safe" water concentrations for
bluegills, brook trout, and fathead minnows to range from 8.8 to 9.1 ug/l. The
LC50 concentrations for the latter three species range from 20 to 54 ug/R which,
when divided by the respective "safe" concentrations, result in application factors
of 0.17 to 0.34 for fish. With a 96-hour LC50 of 2.0 ug/z, the brown trout is
apparently most sensitive to lindane on an acute basis amongst those species used
in aquatic bioassays (4). Utilizing the lowest experimentally determined application
factor for lindane in fish (0.17), a "safe" concentration of 0.34 ug/l would be
predicted for brown trout.
Macek et al. (3) determined the acute and chronic toxicities of lindane to
the midge (Chironomus tentans), Daphnia magna, and the scud Gammarus faciatus.
The midge was the most sensitive of these species chronically, with 2.2 ug/l being
the highest concentration producing no observable adverse effect. Daphnia were
least sensitive as 11 ug/£ was determined to be "safe" over three consecutive
generations of exposure. The midge and Daphnia were significantly different from
fish in one respect, however, in that the application factors for these invertebrates
were much less than for fish, namely, 0.01 and 0.02 based on 48—hour LC50 values
of 207 and 485 ug/l, respectively.
Two investigators Snow (6) and Cope (2) reported 96—hour LC50 values of l ug/R
for stoneflies. Sanders and Cope (5) reported an acute LC50 for stoneflies of
4.5 ug/l lindane. If the experimentally determinedapplication factor for invertebrates
for lindane of 0.01 is applied to the lowest reported 96—hour LC50 of the most
sensitive species, the stonefly, then a predicted "safe" concentration of lindane
in water for that species would be 0.01 ug/l. This therefore is the recommended
level for water.
Little information exists on the accumulation of lindane in fish tissues.
However, Macek et al. (3) observed whole—body (eviscerated) concentrations
(wet weight) about 500 times the corresponding water concentrations in fathead
minnows that had been exposed for several months. Butler (1) observed accumulations
of up to 250 times exposure concentrations in marine mollusks. Suchfactors, at
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present,
are not consistent enough to be useful
in deriving tissue levels.
As a result,
the
commended
criterion
is based
on
the
0.3
ug/g
administrative
guideline
of
the
United
States
Food
and
Drug
Administration
for
lindane
in
edible portions of fish.
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Methoxychlor
RECOMMENDATION
It
is
re
co
mm
en
de
d
tha
t
the
fo
ll
ow
in
g
nu
me
ri
ca
l
ob
je
ct
iv
e
for
me
th
ox
yc
hl
or
be
ado
pte
d
to
rep
lac
e,
in
par
t,
the
exi
sti
ng
int
eri
m o
bje
cti
ve
for
Per
sis
ten
t
Org
ani
c
Con
tam
ina
nts
in
Ann
ex
1,
par
agr
aph
2(c
)
of
the
Wat
er
Qua
lit
y A
gre
eme
nt:
The
con
cen
tra
tio
n o
f'm
eth
oxy
chl
or
in
wat
er
sho
uld
not
exc
eed
0.0
4
mic
rog
ram
s p
er
lit
re
for
the
pro
tec
tio
n o
f a
qua
tic
lif
e.
RATIONALE
Chro
nic
expO
Sure
s of
fath
ead
minn
ows
to m
etho
xych
lor
demo
nstr
ated
no e
ffec
ts
on w
eigh
t ga
in b
elow
0.5
ug/l
duri
ng 4
mont
hs o
f ex
posu
re,
and
no e
ffec
ts o
n
mortality below 0.25 ug/z. The number of eggs laid by fathead minnows was
unaf
fect
ed b
y a
4—mo
nth
expo
sure
to 0
.125
ug/Q
, bu
t th
e ha
tcha
bili
ty o
f th
e eg
gs
was
redu
ced
from
69%
in c
ontr
ols
to 3
9%
(2).
Yell
ow p
erch
seem
to b
e le
ss
sensitive than fathead minnows.
Merna and Eisele (2) also did chronic exposures of several invertebrates
for 28 days and monitored survival, pupation, and/or emergence. Emergence for
Steno
nema
was u
naffe
cted
at 0.
25 ug
/l.
Pupat
ion o
f Che
umato
psych
e was
unaff
ected
at 0
.125
ug/l
, bu
t th
e gr
owth
rate
of t
his
spec
ies
was
affe
cted
by t
he e
xpos
ure.
Eisele (1) continuously dosed a small stream with 0.2 ug/Q methoxychlor
for one year. No insect or fish mortalities were observed and no invertebrate
species were eliminated, although populations of baetids, stoneflies, and scuds
were reduced. Hydropsychids, blackflies, crayfish and dragonflies showed only
temporary changes before returning to control levels when exposed to continued
dosing. While some species increased, there was no change in the diversity or
density of invertebrates. There was however, a slight reduction in biomass.
Most
effe
cts
were
suff
icie
ntly
subt
le t
hat
rout
ine
ecol
ogic
al s
urve
ys w
ould
not have uncovered them. Crayfish body burdens rose to approximately 100 ug/g
methoxychlor indicating a concentration factor of 500.
In evaluating the above data, most weight was placed on studies exploring
chronic effects under field conditions. The 0.2 ug/R exposure produced subtle
effects on some invertebrate populations. Application of the arbitrary 0.2
safety factor to these subtle effectswas used to estimate the recommended
concentration of 0.04 ug/K.
"safe"
Because it degrades readily, methoxychlor may not conform to the definition
of a persistent compound. The structure of its probable metabolites indicates
that they too are not likely to persist. However, the actual rate of
degradation of methoxychlor is not indicated in the literature and it has been
considered under the category of persistent contaminants due to its organochlorine
pesticide nature. If it were classified as non—persistent, consideration would
be given to the lowest reported 96—hour LC5O concentrations which pertain to
crustaceans (0.8 to 5 ug/Q) (4,5) and to insects (0.6 to 1.4 ug/l) (2,3). Regardless
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 of application factors, since good experimental and field data exist for deriving
"safe" levels for this compound, these should be employed in setting the
recommended level.
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(viii) Toxaphene
RECOMMENDATION
It is recommended that the following numerical objective for toxaphene
be adopted to replace, in part, the existing interim objective for Persistent
Organic Contaminants in Annex 1, paragraph 2(c) of the Water Quality Agreement:
The concentration of toxaphene in water shOuZd not exceed
0.008 micrograms per litre for the protection of aquatic life.
RATIONALE
Mayer et ai. reported decreased reproduction of brook trout exposed to
concentrations of 0.068 ug/R of toxaphene in water. Body burdens associated
with this exposure were 0.6 ug/g. In a chronic bioassay with brook trout,
Mayer et al. (6) also found that toxaphene in water, at a level of 0.039 ug/l,
affected the growth and development of brook trout fry over an exposure period
of 90 days. With the application of the safety factor of 0.2, a "safe" concentration
of toxaphene is calculated to be 0.008 ug/K.
Acute toxicity of toxaphene to fish has been reported as 4.3 ug/l for
bullheads (5) and 3.5 ug/2 in soft water for bluegills (3). Acute toxicities
were also reported for several species of fish by Macek (4), ranging from 2 ug/Z
for largemouth bass to 13 ug/Q for black bullhead, and by Nagvi and Ferguson (7)
for freshwater shrimp as 24—hr LC50, ranging from 41 to 283 pg/R in four
different lakes.
Schoettger and Olive (8) reported mortality of kokanee salmon when fed
Daphnia which were exposed to sublethal concentrations of 10 and 20 ug/R of
toxaphene over periods of 120 to 312 hours. Hughes (1) documented that lakes
treated with 40 to 150 ug/Q toxaphene remained toxic to fish for periods of a
few months to five years after treatment. The persistence of toxaphene and
its highly lipophilic character would suggest the potential for bioconcentration
and transfer through the food chain to higher trophic levels. Bioconcentration
factors of 5,000 to 21,000 for brook trout (6), and 1,000 to 2,000 for aquatic
invertebrates (9) were observed. Bioconcentration of toxaphene in fathead
minnows was found to be in the range of 77,000 to 108,000 (6). However, these
factors have not been related to deleterious body burdens, thus, no recommendation
for tissue concentrations of toxaphene can be set at this time.
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reproduction, growth, and mortality of brook trout".
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 (i)
(b) Other Compounds
Phthalic Acid Esters
RECOMMENDATION
It
is
rec
omm
end
ed
tha
t t
he
fol
low
ing
num
eri
cal
obj
ect
ive
for
pht
hal
ic
aci
d
est
ers
be
ado
pte
d t
o r
epl
ace
, i
n p
art,
the
exi
sti
ng
int
eri
m o
bje
cti
ve
for
Per
sis
ten
t O
rga
nic
Con
tam
ina
nts
in
Ann
ex
1,
par
agr
aph
2(0)
of
the
Wat
er
Qua
lit
y
Agreement:
The
con
cen
tra
tio
ns
of
dib
uty
l p
hth
ala
te
and
di-
(2—
eth
ylh
exy
l)
pht
hal
ate
in
wat
er
sho
uld
not
exc
eed
4.0
mic
rog
ram
s p
er
litr
e a
nd
0.6
mic
rog
ram
s p
er
litr
e,
resp
ecti
vely
, f
or t
he p
rote
ctio
n of
aqua
tic
life
.
Othe
r ph
thal
ic a
cid
este
rs s
houl
d no
t ex
ceed
the
reco
mmen
ded
quan
tifi
cati
on
limi
t of
0.2
micrograms per litre in water for the protection of aquatic life.
RATIONALE
It i
s re
cogn
ized
that
the
phth
alic
acid
este
rs (
PAE'
s) a
re p
roba
bly
non—persistent in water and aerobic sediments. However, there is evidence
that
some
PAE'
s ma
y pe
rsis
t in
anae
robi
c se
dime
nts,
and
for
that
reas
on t
hey
are provisionally included with the persistent organic chemicals. Since they
are
dist
inct
comp
ound
s, n
ot n
eces
sari
ly o
ccur
ring
toge
ther
, s
ome
of t
he m
ore
common ones are indicated:
Phthalic Acid Esters
 
Di—(2-ethylhexyl) phthalate (DEHP)
Di—iso—octylphthalate (DIOP)
Di—octylphthalate (DOP)
Di-butylphthalate (DBP)
Di-ethylphthalate (DEP)
Di-methylphthalate (DMP)
The occurrence of PAE residues in North American environments was reviewed
at a 1972 conference on PAE's sponsored by the National Institute of Environmental
Health Sciences, by Mathur (6) and by Mayer et al. (9). Within aquatic ecosystems,
PAE residues have been detected in fish, water and sediments; the most likely
sources are municipal and industrial effluents (2,5,9,ll). Monitoring surveys
by several Great Lakes states showed that effluents of industrial and municipal
waste treatment facilities contained PAE's in concentrations ranging from less
than 1 to 1,200 ug/R and tributaries to Lake Michigan contained 1 ug/z or less.
The fate of PAE's in these tributaries is not well defined, but analyses of
settleable solids showed residues ranging from 1 to 75 pg/g (dry weight).
These reSults suggest that PAE's may be adsorbed to partiCulate materials in
streams and ultimately deposited in bottom sediments.
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4
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/g
(d
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)
(5
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ra
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La
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cu
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DE
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(3
,4
).
In
ae
ro
bi
os
is
st
ud
ie
s,
98
%
of
DB
P
wa
s
de
gr
ad
ed
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te
r
5
da
ys
at
20
°C
,
bu
t
on
ly
50
%
of
DE
HP
wa
s
de
gr
ad
ed
at
14
da
ys
.
Un
de
r
an
ae
ro
bi
os
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,
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gr
ad
at
io
n
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bo
th
PA
E'
s
wa
s
si
gn
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y
re
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rd
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Th
us
,
al
th
ou
gh
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er
e
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PA
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tt
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is
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n
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e
dy
na
mi
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E
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ra
l
se
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me
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e
dy
na
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fe
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nt
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uo
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in
pu
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PA
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ox
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at
io
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io
n
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e
of
th
e
se
di
me
nt
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te
mp
er
at
ur
e,
ty
pe
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se
di
me
nt
,
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d
ot
he
r
fa
ct
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s.
In
an
y
cas
e,
li
mi
te
d
mo
ni
to
ri
ng
da
ta
(5)
su
gg
es
t
tha
t
PA
E‘s
ma
y
oc
cu
r
in
bo
tt
om
se
di
me
nt
s,
th
er
ef
or
e
im
po
rt
an
t
bo
tt
om
—d
we
ll
in
g
ma
cr
o—
and
mi
cr
o—
fa
un
a
co
ul
d
be
exposed to significant PAE residues.
DB
P
re
si
du
es
in
fi
sh
fr
om
se
ve
ra
l
ar
ea
s
of
No
rt
h
Am
er
ic
a
ra
ng
e
fr
om
le
ss
th
an
de
te
ct
ab
le
co
nc
en
tr
at
io
ns
to
0.5
ug/
g,
and
DE
HP
re
si
du
es
ha
ve
be
en
fou
nd
as
hi
gh
as
3.2
ug
/g
(9,
11)
.
PA
E
re
si
du
es
in
Gr
ea
t
La
ke
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ea
fi
sh
ra
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e
fr
om
un
de
te
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to
1.3
ug
/g
(5)
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Ho
we
ve
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one
th
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e
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ag
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y
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en
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fi
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fo
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es
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r
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ug
at
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the
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te
r
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d
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al
ic
ac
id
(8,
9).
Ma
ye
r
and
Sa
nd
er
s
(8)
ex
po
se
d
fa
th
ea
d
mi
nn
ow
s
(P
im
ep
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le
s
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eZ
as
)
to
1.9
ug/
R
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DE
HP
for
56
day
s
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fou
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t
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si
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d
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en
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at
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ug
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day
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ga
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is
ma
cr
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ug
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(3,
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Ho
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ve
r,
Ma
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r
and
Ro
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d
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t
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mu
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ti
on
fa
ct
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for
DE
HP
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fa
th
ea
d
mi
nn
ow
s
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s
re
du
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to
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wh
en
the
fi
sh
we
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ex
po
se
d
to
a h
ig
he
r
co
nc
en
tr
at
io
n
of
60
ug/
R.
Ac
cu
mu
la
ti
on
fa
ct
or
s
for
DE
HP
and
DBP
in
aq
ua
ti
c
cr
us
ta
ce
a
and
in
se
ct
s
are
gen
era
lly
bet
wee
n
350
and
3,9
00
fol
low
ing
exp
osu
res
ran
gin
g
fro
m 0
.08
to
0.3
ug/
Z
(8)
.
Whe
n f
ish
and
inv
ert
ebr
ate
s c
ont
ain
ing
PAE
res
idu
es
are
pla
ced
in
unt
rea
ted
wat
er,
the
y e
lim
ina
te
50%
of
the
res
idu
e w
ith
in
3 t
o
7 d
ays
.
Res
idu
es
in
fis
h
and
inv
ert
ebr
ate
s
hav
e
not
as
yet
bee
n
cor
rel
ate
d w
ith
unt
owa
rd
bio
log
ica
l
eff
ect
s.
Toxicity
The
acu
te
96—
hou
r
LC5
0
val
ues
of
DBP
for
fat
hea
d m
inn
ows
,
cha
nne
l
cat
fis
h
(Ic
taZ
uru
s p
unc
tat
us)
,
rai
nbo
w t
rou
t
(Sa
lmo
gai
rdn
eri
),
scu
d
(Ga
mma
rus
pse
udO
Zim
nae
uS)
and
cra
yfi
sh
(Or
con
ect
esn
ais
) f
all
bet
wee
n 7
30
and
10,
000
ug/
Q
(8)
.
Alt
hou
gh
the
tox
ici
ty
of
DEH
P i
s m
ore
dif
fic
ult
to
det
erm
ine
in
sta
tic
tes
ts
bec
aus
e i
t i
s l
ess
sol
ubl
e i
n w
ate
r,
96-
hou
r L
C50
val
ues
are
est
ima
ted
to
be
abo
ve
10,
000
ug/Q
.
Flo
w—
thr
oug
h t
est
s u
sed
for
scud
(G.
fHS
Cia
tus
) g
ave
a 9
-we
ek
LC5
O v
alu
e o
f 2
10
ug/l
(10)
.
The
acut
e to
xici
ties
of b
oth
DBP
and
DEHP
are
cons
ider
ably
belo
w th
ose
of m
ost
orga
noch
lori
ne i
nsec
tici
des
whic
h ar
e us
uall
y to
xic
betw
een
0.1
and
50 u
g/Q.
 
 The
chronic
toxicities
of
DEHP
and
DBP
have
not
been
as
well
defined
as
desired.
However,
the
chronic
studies
so
far
completed
suggest
that
both
DEHP
and
DBP
are
biologically
active
at
concentrations
well
b
e
l
o
w
acutely
toxic
concentrations.
M
c
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It
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co
mm
en
de
d
th
at
th
e
fo
ll
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in
g
nu
me
ri
ca
l
ob
je
ct
iv
e
fo
r
po
ly
ch
lo
ri
na
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d
bi
ph
en
yl
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ad
op
te
d
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re
pl
ac
e,
in
pa
rt
,
th
e
ex
is
ti
ng
in
te
ri
m
ob
je
ct
iv
e
fo
r
Pe
rs
is
te
nt
Or
ga
ni
c
Co
nt
am
in
an
ts
in
An
ne
x
I,
pa
ra
gr
ap
h
2(
c)
of
th
e
Wa
te
r
Qu
al
it
y
Agreement:
Th
e
co
nc
en
tr
at
io
n
of
to
ta
l
po
ly
ch
lo
ri
na
te
d
bi
ph
en
yl
s
in
fi
sh
ti
ss
ue
s
(w
ho
le
fi
sh
,
ca
lc
ul
at
ed
on
a
we
t
we
ig
ht
ba
si
s)
,
sh
ou
ld
no
t
ex
ce
ed
?
0.
l
mi
cr
og
ra
ms
pe
r
gr
am
fo
r
th
e
pr
ot
ec
ti
on
of
fi
sh
-c
on
su
mi
ng
bi
rd
s
3
a
n
d
a
n
i
m
a
l
s
.
No
te
:
Th
e
Co
mm
it
te
es
ex
pr
es
se
d
co
nc
er
n
th
at
a
wa
te
r
co
nc
en
tr
at
io
n
ob
je
ct
iv
e
;
fo
r
th
is
ub
iq
ui
to
us
co
nt
am
in
an
t
is
un
av
ai
la
bl
e.
Ba
se
d
up
on
po
or
ly
de
fi
ne
d
“
bi
oc
on
ce
nt
ra
ti
on
fa
ct
or
s
it
wa
s
co
nc
lu
de
d
th
at
PC
Bs
in
wa
te
r
sh
ou
ld
no
t e
xc
ee
d
0.
00
1
mi
cr
og
ra
ms
pe
r
li
tr
e.
Ho
we
ve
r,
th
is
le
ve
l
ma
y
no
t
be
ad
eq
ua
te
to
pr
ov
id
e
pr
ot
ec
ti
on
to
ce
rt
ai
n
pr
ed
at
or
s,
an
d
co
ul
d
no
t
pr
es
en
tl
y
be
en
fo
rc
ed
be
ca
us
e
of
in
su
ff
ic
ie
nt
ly
se
ns
it
iv
e
qu
an
ti
fi
ca
ti
on
li
mi
ts
.
RATIONALE
In
Nor
th
Ame
ric
a
pol
ych
lor
ina
ted
bip
hen
yls
(PC
Bs)
are
man
ufa
ctu
red
sol
ely
by
the
Mon
san
to
Che
mic
al
Com
pan
y
and
are
dis
tri
but
ed
und
er
the
tra
de
nam
e
ARO
CLO
R
.
Eac
h A
roc
lor
is
a m
ixt
ure
of
var
iou
s
iso
mer
s
of
whi
ch
210
may
occ
ur
in
the
ory
;
the
act
ual
num
ber
of
iso
mer
s f
orm
ed
che
mic
all
y i
s p
rob
abl
y c
los
er
to
100
.
In
add
iti
on,
it
has
bee
n p
red
ict
ed
tha
t a
sig
nif
ica
nt
per
cen
tag
e o
f
the
se
iso
mer
s e
xis
t i
n p
air
s o
f o
pti
cal
ly
act
ive
for
ms
(7)
.
;
Pol
ych
lor
ina
ted
bip
hen
yls
are
now
kno
wn
to
be
the
thi
rd
mos
t w
ide
ly
f
dist
ribu
ted
poll
utan
t on
eart
h,
exce
eded
only
by t
he c
hlor
inat
ed i
nsec
tici
des
DDT
and
diel
drin
. S
imil
ar t
o th
e la
tter
comp
ound
s,
PCB
resi
dues
are
foun
d
in the fat deposits of numerous warm and cold—blooded animals including man.
Their persistence is generally considered to be greater than most chlorinated
insecticides. In the aquatic environment, PCBs have been detected in water,
sediments, invertebrates, fish and waterfowl with highest levels being recorded
in predatory organisms high in the food chain. While greater quantities are
found in areas close to heavy industrialization, substantial residues have been
detected in fish from undeveloped localities suggesting that aerial transport
may play a significant role in their distribution.
PCBs in Great Lakes Waters
Contamination of the Great Lakes by PCBs has been, and continues to be,
extensive. Fifty-seven percent of water samples from 30 major tributaries
analyzed by the Michigan Water Resources Commission (9) contained detectable
concentrations of PCB (; 0.01 ug/z). Mean values determined for Michigan
tributaries of lakes Michigan, Huron, Superior, St. Clair and Erie were .023 ug/£
.228 pg/l, .010 pg/R, .081 ug/Q, and .186 ug/l total PCB, respectively. ,
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 Th
e
Ca
na
da
Ce
nt
re
fo
r
In
la
nd
Wa
te
rs
ex
am
in
ed
th
e
op
en
wa
te
rs
of
la
ke
s
On
ta
ri
o
an
d
Er
ie
du
ri
ng
19
71
an
d
fo
un
d
me
as
ur
ab
le
qu
an
ti
ti
es
in
60
an
d
63
pe
rc
en
t
of
th
e
sa
mp
le
s
re
sp
ec
ti
ve
ly
.
Su
mm
ar
ie
s
of
da
ta
fr
om
the
th
re
e
ba
si
ns
in
eac
h l
ake
wer
e p
res
ent
ed
in
the
Wat
er
Qua
lit
y B
oar
d's
rep
ort
on
PCB
s
in
the
Gre
at
Lak
es
env
iro
nme
nt
(6)
.
The
hig
hes
t
mea
n v
alu
e
was
0.0
62
ug/
2
for
bot
tom
wa
te
rs
of
La
ke
On
ta
ri
o
(w
es
te
rn
re
gi
on
),
wh
il
e
the
lo
we
st
wa
s
.01
2
ug
/l
for
the
sur
fac
e
of
Lak
e
Ont
ari
o
(ea
ste
rn
reg
ion
).
Lak
ewi
de
mea
ns
of
sur
fac
e
and
bot
tom
wat
er
sam
ple
s w
ere
.03
0 u
g/l
and
.03
2 u
g/l
,
res
pec
tiv
ely
for
Lak
e O
nta
rio
,
and
.02
7 u
g/l
and
.02
5 u
g/l
for
Lak
e E
rie
.
Sam
ple
s t
ake
n f
rom
Ham
ilt
on
Har
bou
r
(La
ke
Ont
ari
o)
by
the
Ont
ari
o M
ini
str
y o
f E
nvi
ron
men
t i
n 1
972
sho
wed
ran
ges
for
PCB
s o
f .
035
to
.095
ug/z
in
wat
er
and
0.2
to
10.
1 u
g/g
in
sed
ime
nts
(1).
PCBs in Biota
Fish
cont
amin
atio
n is
also
wide
spre
ad.
The
Unit
ed S
tate
s Fo
od a
nd D
rug
Admi
nist
rati
on g
uide
line
of 5
ug/g
in e
dibl
e ti
ssue
has
been
exce
eded
in n
umer
ous
spec
ies
in L
ake
Mich
igan
incl
udin
g la
ke t
rout
, co
ho s
almo
n, C
hino
ok s
almo
n an
d
chub.
In La
ke Hu
ron,
walle
ye, W
hitef
ish,
and c
atfis
h are
above
the t
olera
nce l
evel
and likewise smelt and coho salmon in Lake Ontario. PCB concentrations in Lake Erie
fish are generally below 5 ug/g with the exception of white bass (6). Analyses
by the Ontario Ministry of the Environment on fish from the St.Clair River
revealed muscle concentrations of 4.3 to 12.3 ug/g in white bass, 0.1 to 6.8 ug/g
in pike, 0.1 to 2.8 pg/g in white suckers and 1.5 to 4.7 ug/g in coho salmon. Perch
and walleye from Lake St. Clair showed levels of 0.1 to 0.25 ug/g and 0.2 to
3.0 ug/g, respectively (1).
A seriOus situation exists for fish—eating birds in the vicinity of the
lower Great Lakes. Severe reproductive failure has been identified in herring
gull colonies around Lake Ontario. While eggshell thinning has been correlated
with DDE content of the eggs, there is a positive correlation between early embryonic
mortality and PCB contamination (3). Geometric means for PCBs in eggs of four
fish—eating bird species are given below in Table 2 (5).
TABLE 2 - PCB RESIDUES IN BIRD EGGS
(ug/g, dry weight basis)
 
Herring Ring—billed Common Double—crested
Location gull Agull tern cormorant
Lake Nipigon 77.5(52)
Lake Huron 368(5)* 113(2) 81.7(8) 140.0(55)
Detroit River 520(2)
Lake Erie 300(6) 243(4) 156 (15) 63.7(18)
Hamilton Harbour 258 (71)
Lake Ontario 565(16) 379(4) 268 (20) 114 (7)
*Quantities in brackets indicate number of samples analyzed.
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at
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h
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y
fi
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sh
—e
at
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g
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d
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r
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at
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s
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Effects of PCBS on Biota
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d
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e
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at
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1.
3
ug
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en
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at
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n
of
Ar
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r
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e
fa
th
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d
mi
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ow
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s
ab
ou
t
0.
3
ug
/R
(1
1)
,
a
co
nc
en
tr
at
io
n
wh
ic
h
re
su
lt
ed
in
ti
ss
ue
re
si
du
es
of
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t
90
ug
/l
or
18
ti
me
s
th
e
gu
id
el
in
e
fo
r
hu
ma
n
co
ns
um
pt
io
n
re
co
mm
en
de
d
by
Un
it
ed
St
at
es
an
d
Ca
na
di
an
fe
de
ra
l
he
al
th
au
th
or
it
ie
s.
Th
is
in
di
ca
te
s
a
bi
oc
on
ce
nt
ra
ti
on
fa
ct
or
fo
r
fa
th
ea
d
mi
nn
ow
s
of
ap
pr
ox
im
at
el
y
3
x
10
5.
Th
e
fa
ct
or
for
bl
ue
gi
ll
s
wi
th
Ar
oc
lo
rs
12
48
an
d
12
54
has
be
en
es
ti
ma
te
d
at
7.1
x
10L
+
(15
),
wh
il
e
la
rg
e
La
ke
Mi
ch
ig
an
co
ho
sa
lm
on
ha
ve
me
an
ti
SS
ue
va
lu
es
of
ab
ou
t
15
ug
/g
(16
)
wh
ic
h
is
1.
5
x
106
ti
me
s
gr
ea
te
r
th
an
th
e
ma
xi
mu
m
op
en
wa
te
r
co
nc
en
tr
at
io
n
of
ar
ou
nd
0.
01
0
ug
/l
(8)
.
Two
ug
/g
PC
Bs
in
fi
sh
fl
es
h
ha
ve
be
en
sh
ow
n
to
pr
ev
en
t
su
rv
iv
al
of
ne
wb
or
n
com
mer
cia
l
ran
ch
min
k
(14
)
whi
le
rep
rod
uct
ion
was
eli
min
ate
d i
n m
ink
fed
a
bee
f d
iet
con
tai
nin
g 0
.64
ug/
g A
roc
lor
125
4
(13
).
Whi
le
thi
s i
s n
ot
a s
ubt
le
eff
ect
,
it
is
the
low
est
die
tar
y c
onc
ent
rat
ion
obs
erv
ed
to
pro
duc
e a
del
ete
rio
us
bio
log
ica
l e
ffe
ct.
The
saf
ety
fac
tor
of
0.2
app
lie
d t
o t
his
res
ult
s i
n t
he
recommended tissue level of 0.1 u/g.
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 The recommendation for PCBs is designed to protect the aquatic biota
as well as the consumer of aquatic life. A conservative bioconcentration
factor of 105 could be used to calculate a water concentration for total
PCBs which should prevent tissue levels greater than 0.1 ug/g. This would
result in a PCB concentration in water of less than 0.001 ug/ﬁ, a
concentration which would be beyond the present routine analytical sensitivities
and therefore impossible to monitor or enforce. It is recommended then that
the regulatory agencies undertake fish and bird monitoring programmes to
determine compliance with the recommendation regarding tissue levels.
(iii) Other Organic Contaminants
SEE PAGES 10 to 15-
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(2) INORGANIC
(a) Metals
Introduction
It can be generally stated that all natural elements (metals, metalloids
and non—metallic elements) are present in all natural waters, in sediments,
and in most living matter. The majority of these elements occur in minute
concentrations, much below analytical detection limits of sophisticated
monitoring (less than ug/R concentrations). Obviously, no environmental concern
is valid for most of these elements, unless they are discharged at concentrations
greater than present in the receiving waters.
Metals such as sodium, potassium, calcium and magnesium are found in mg/2
concentrations in most waters. They are essential to all forms of life as
basic components of skeletal systems and for many biological processes in general.
Ions of these metals are not lethal by themselves unless at very high con—
centrations (> 1,000 mg/R). On the other hand, metals, in particular aluminum,
selenium and arsenic, are common to all natural aquatic systems in the ug/Z
range. In trace quantities, some of these elements are essential for certain
biological processes while others have no known functions. Whether essential or
not, these elements are lethal to biota at high concentrations (> 100 mg/l) and,
in a few cases, their natural background levels are approaching toxic concentra—
tions. To protect the aquatic ecosystem, increases in the concentrations of these
elements should not be allowed throughman's activities.
All elements in surface waters are the result of weathering of rocks and
soils (Table 3), industrial and municipal effluents and precipitation of
airborne matter. In fact, it has been calculated that some large lakes with
comparatively little human activity in the drainage basin may derive the
major part of their metals from precipitation. Lake sediments, especially
in shallow lakes, may also be an important source of trace metals.
Such a
recycling has been observed for mercury and is well known for phosphorus.
Chemistry
Dissolved Metals
In distilled water, dissolved metals largely exist in "free" ionic form;
that is, as very weakly complexed hydroxy— or aquo— complexes.
Because of
their low complex formation constants,
these elements are readily available
for any chemical reaction and for biological uptake.
Consequently,
any uptake
by organisms of such ionic metals from water will be rapid and proportionate to
their concentration.
41
 
 4
2
MET
AL
Al
um
in
um
A
r
s
e
n
i
c
C
a
d
m
i
u
m
Ch
ro
mi
um
C
o
p
p
e
r
I
r
o
n
Me
cu
ry
Le
ad
N
i
c
k
e
l
Se
le
ni
um
Si
lv
er
Zi
nc
AV
ER
AG
E
IGN
EOU
S R
OCK
82,
300
1.8
.
2
100
5
5
56,
300
.0
8
1
3
75
.0
5
.07
70
SHA
LES
80,
000
13
.
3
9
0
45
47,
200
.4
2
0
68
.6
.07
9
5
TA
BL
E
3
25,000
1
3
5
5
9
,
8
0
0
[
\
16
SA
ND
ST
ON
ES
.05
.03
.0
5
.0
5
 
CO
NC
EN
TR
AT
IO
NS
OF
ME
TA
LS
IN
RO
CK
S
IN
mg
/k
g
(1
)
LIM
EST
ONE
S
4,2
00
1
.035
11
3,8
00
.
0
4
.0
8
.05
2
0
SOI
LS
71,000
.06
100
2
0
38,
000
CO
AL
25
.25
6
0
30
0
 
 However, natural waters always contain a significant amount of dissolved
organic material including humic acids, lignin derivatives, fatty acids, amino
acids, and many other compounds from plant and animal origin, as well as increasing
amounts of synthetic chemicals.
Most of these compounds have one or more
functional groups, such hydroxy—, carboxy-, sulfo— and amino- groups, which
may combine with "free" metal ions to form metal—ligand complexes.
Depending
on the detailed structures of such ligands and the chemical characteristics
of the metal ions, complexation can completely mask the availability of the
metal ions for common reactions.
Of course, any two ligands will act differently
on a given set of metal ions and, as a result, the biological effects of a
mixture of metal ions and organic compounds is extremely difficult to predict.
If, as in the case of certain synthetic chemicals, the complex formation is
very strong and no other physical, chemical or microbial degradation of the
complex occurs, quite high concentrations of toxic metal ions could be
present without immediate harmful effects to aquatic life.
Organo—metallic Compounds
 
Chemical compounds of organo-metallic nature, that is with direct carbon—
metal bonds, have long been known to chemists. Recently it has been
found that certain metals (for example mercury), can be methylated by microbial
action in sediments and these compounds can enter the aquatic food chain.
Because of their partially organic nature, such compounds are likely to be
associated with fatty tissues, where they may be stored and accumulated.
At
the same time, these compounds may produce strong toxic effects on the
accumulator organism.
There is still comparatively little understanding of the biological and
environmental behaviour and effects of organo—metallic compounds.
Studies to
determine which elements can be methylated or transformed to organo—metallic
forms in aquatic ecosystems are presently underway.
So far, in addition to
mercury and arsenic, the elements lead, tin, cadmium and selenium may be able
to undergo such reactions.
Particulate and Colloid Metals
Trace metals may also be found in water in forms such as hydroxides, oxides,
silicates, phosphates or carbonates which are commonly part of the particulate
matter from either biological or mineral origin.
Metals which become
absorbed or chemically bound by particulate organic matter are sedimented
with the organic matter thereby providing a major route for their removal from
aquatic systems.
Additionally, trace metals may be found as hydroxides and their
dehydrated forms in very finely dispersed particulate matter of a few hundred
to a few thousand molecular units.
These aggregates or colloids are usually
formed by precipitation of
dissolved
metals
as
a result
of
pH changes,
oxidation or biological action.
Processes of that nature occur primarily in
effluents
entering water
of
different
quality.
Because
of
the very
small size
of
colloids,
their
inherently
large
surface
area
and
high
chemical
and
biological
activity,
they
may
be
toxic
to
biota
to
a
much
higher
degree
than
large
size
particulate
matter
of
a
similar
chemical
composition.
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Biological Effects and Monitoring Problems
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As a working method for some metals, fairly good correlations with
biological availability and hence toxicity, have been obtained by assuming
that soluble toxic formspass a 0.45 p filter while insoluble non—toxic forms
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TABLE 4
CONCENTRATIONS (ug/E) OF METALS IN FILTERED WATER SAMPLES
FROM THE EPILIMNIUN OF THE UPPER GREAT LAKES
These statistics, which represent values from many
stations within a lake sampled several times within a year.
are taken from the Upper Lakes Reference Group. "The Waters of
Lake Huron and Lake Superior." v.2 and 3. windsor, Ontario, 1977.
      
LAKE SUPERXOR
NORTH CHANNEL y
1'
— 1973 1.3193 HURON —§Lq
Detection Percent of Model 95 percentile Detection Percent of Model 93 percentilt’
Limit samPles below concln- concentration Limit Samples below Conr'n. Concentratinn I
(0.14.) D‘L. ; , “(3.1wa iffDL _ _ 7_A_‘AA__ Viv ;
Cadmium 0.2 72 50.2 0.6 0.2 100 .2 0.2
Chromium 0.2 6] 30.2 0.4 0.2 95 $0.2 0,2
Copper 0.5 s 2.0 — 2,5 5.0 0.5 s 1.0 4.0
lrun 0.5 3 1.0~ 1.5 7.0 0.3 3 1.5—2.5 4.5 .
Lead 1.0 63 $1.0 3.0 1.0 98 «1.0 1.0
Mercury 0.05 7 0.1 — 0.15 0.25 — — _ .
Nickel 1.0 46 $1.0 5.0 1.0 10 2.0 A 5.0 6.0
Zinc 1.0 72 7 ~ 10 40 1.0 2 3.0 6 0
GEORGIAN BAY , LAKE HURON
LAKE HURON — 1971. _—_19L1__ ,
Detection Percent of Model 95 percentile Detection Percent of Model 95 percentile
Limit Samples below Conc'n. Concentration Limit SamPles 581°" cone "- Concentrat 0"
(D.L.) 0.1.. (D.L.) D.L.
Cadmium 0.2 96 <0.2 0.2 0.2 98 <0.2 0.2
Chromium 0.2 94 <0.2 0.4 0.1 70 <0-l 0-6
e t
Copper 0.5 25 1.0 4.5 0.25 28 e0.25
Iron 0.5 5 1.5 3.5 0.25 12 1.0 2.0
Lead 1.0 90 {1.0 1.0 — 2.0 0.5 38 {0.5 1.5
Mercury — - — _ ~ - ‘ ‘
Nickel 1.0 10 2.0 5.0 0.5 87 £0-5 5-0
Zinc 1.0 20 2.0 9.0 0.5 SA {0.5 *
“Could not be determined from the data available.
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 do not. It is recognized however, that the actual separation of these forms
is not that simple. Forms which were retained by the filter could be a reservoir of
potentially toxic forms which may readily redissolve under changing conditions.
Pulse polarography has been used to measure "labile" and "non—labile" forms of
copper, but lability has not been directly related to toxicity to algae (3).
Specific ion electrodes were used to measure ion activity of copper (12). While
the measured ion activity was roughly relatedto copper toxicity to salmon, an
ion activity below 200 ug/Q could only be determined by extrapolation. Shaw
and Brown (7) also correlated copper toxicity to trout with ion activity as
well as with estimated concentrations of carbonate—complexed and NTA-complexed
copper. They concluded that toxicity was best characterized by the total of
copper (II) (2 ion activity) and copper carbonate and not by a single form
alone.
The standard chemical procedure of acidifying samples to pHZ solubilizes
many loosely-bound forms of copper (= "acid extractable"). While this may
be undesirable when carrying out toxicity tests, it is an essential procedure
for assessing loadings and the potential harm of toxic forms and reservoirs of
copper, as well as temporarily inactive forms of copper.
Removal of phyto— and zooplankton from a sample is probably unncessary
because their metal concentrations are low and their contribution to total
metal concentrations in water samples is minor. For example, copper con—
centrations in Lake Michigan phyto- and zooplankton were 6 and 5 mg/kg wet
weight respectively (2). Assuming a Lake Erie seasonal maximum density of
phytoplankton of 14 mg/Q (10) and of zooplankton of l mg/Q (ll), the total copper
in plankton would be equivalent to 0.089 ug/R of copper in the water. Copper
concentrations in Lake Michigan water average 5 ug/Q (2). Thus in whole
water the maximum error in the metal concentration of the sample during plankton
blooms would be about 2%. This value may be too high since plankton in a bloom
might deplete the metal ions in the water being sampled rather than adding
metal ions. There is also a possibility of zooplankton "swarms" with densities
approaching one gram per litre. Such "swarms" might contribute significantly
to metal concentrations but the problem could be avoided by not sampling under
such extreme conditions. In addition, filtration to remove micro—organisms
could be another problem in that the filter may add or remove ionic copper (5).
A further problem may be anomalously high concentrations of metals in samples
obtained from turbid inshore waters affected by shoreline erosion. These
concentrations should be interpreted with caution. The measurement of metals
in a sample that has been allowed to settle or that has been filtered could
also give erroneous results if metals which are easily dissolved from particulate
matter were removed.
Stiff (9) assembled a variety of methods and outlined an analytical routine
for differentiating various forms of copper. However, results of this approach
have yet to be correlated to toxicity tests in a variety of waters and are not
suitable for application to routine monitoring. Nonetheless, it is hoped
that future developments in the methodology for identifying the various forms
of metals will allow for refinements of objectives. Obviously any such
refinement in the determination of the chemical and physical specification of
an element will also require more elaborate sampling and storage procedures.
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Therefore,
until
the
relationship
between
metal
forms
and
their
toxicity
is
firmly
established,
and
until
there
are
reliable
methods
for
monitoring
such
forms,
water
quality
objectives
for
metals
will
refer
to
total
concentrations
of
each
metal
in
an
unfiltered
(whole
water),
digested
sample.
Setting
Objectives
for
Metals
for
Aquatic
Biota
Concentrations
of
metals
that
are
above
the
level
required
for
the
nutrition
of
aquatic
organisms
but
which
are
below
their
lethal
level
may
produce
subtle
detrimental
effects
to
these
organisms.
These
effects
may
range
from
the
inhibition
of
a
single
enzyme
to
failure
in
reproduction.
The
inhibition
of
a
single
enzyme
may
be
of
minor
consequence
or
it
may
contribute
to
reproductive
failure.
If
an
aquatic
organism
is
so
affected
by
a
metal
that
it
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the
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that
organism
may
disappear
without
evident
direct
mortality.
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abnormalities
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(c) The application factor provides the third source
of data for objectives since it is the ratio of MATC's
to 96—hour LC50's. Consequently, an application factor can
estimate the MATC for a particular species after a simple 96—
hour LCSO measurement. Since there are error limits to both
the application factor and the 96—hour LC5O, a direct
estimation of the MATC by experimentation is preferable.
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(i) Arsenic
RECOMMENDATION
It is recommended that the following numerical objective for arsenic be adopted
in compliance with Annex I, paragraph 7(a), and to replace, in part, the existing
interim objective for Mercury and Other Toxic Heavy Metals in Annex 1, paragraph 2(b)
of the Water Quality Agreement:
Concentrations of total arsenic in an unfiltered water sample should
not exceed 50 micrograms per litre to protect raw waters forpublic
water supplies.
EXISTING OBJECTIVE
The above objective is recommended to replace the existing interim objective
in Annex I, paragraph 2(b) of the Agreement, which states:
 
"Mercury and Other Toxic Heavy Metals. The aquatic environment should be free
from substances attributable to municipal, industrial or other discharges in
concentrations that are toxic or harmful to human, animal or aquatic life”.
 
RATIONALE
There are several forms of arsenic found in fresh water; the most common
are the arsenic and arsenious acids, the oxides of arsenic (A8203), and some i
sulphur compounds (realgar and orpiment). The form in which one finds arsenic
in fresh water is largely dependent upon the eH and pH values of the water (7).
Arsenic is also found in a variety of salt forms including sodium arsenite and
sodium arsenate.
Physical forces such as weathering represent pathways by which arsenic
may enter the aquatic ecosystem. It has been found that some igneous rocks
have an arsenic content of about 2 ug/g; shale can yield arsenic concentrations
as high as 13 ug/g, while sandstone and limestone contain approximately 1 ug/g
of arsenic (Table 3, p.42).
Other important sources of arsenic contamination are the burning of fossil
fuels such as coal and oil, and various pesticides, for example, herbicides,
applied directly to water (8,20). Arsenic also comes from various cleansing
compounds in which levels as high as 35 ug/g have been measured (22). About
9,000 kg of arsenic were used in the Great Lakes basin in 1968, primarily as
A8203, for metallurgy (6).
Arsenic levels in surface waters, from natural or man—made contamination,
vary considerably. Ferguson and Gavis (7) reported levels between 0 and 10 ug/l
in fresh water, while in Germany levels of 2 to 3 ug/Q are normally found (10),
Concentrations of arsenic in the Great Lakes are uniformly l ug/l or less in
offshore waters (4) but were found to be as high as 58 ug/l in a water intake
at Massena, New York (Table 3). The Moira River, flowing into the Bay of Quinte,
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 Gilderhus (8) studied the uptake of sodium arsenite by bluegills in outdoor
pools containing invertebrates, vegetation and sediments. He noted that much of
the arsenic applied ended up in the sediment. At 4,000 ug/Q arsenic (a single
treatment) maximum tissue residues in fish were 1,300 ug/kg for muscle, 2,400 ug/kg
for skin and scales, 17,600 ug/kg for gills and digestive tract, 11,600 ug/kg
for liver, 5,900 ug/kg for kidneys and 8,400 ug/kg for ovaries. Average residues
in Great Lakes fish vary from 3 to 43 ug/kg on a whole weight basis (12), <50 to
700 ug/kg on a dressed fish basis (18), and 6 to 80 ug/kg on a liver basis (12).
These values are considerably below those observed experimentally.
Concentrations of arsenic considered safe for public drinking water supplies
are substantially lower than those required to protect aquatic life. Consequently,
the objective for arsenic Should be 50 ug/l in keeping with the approved
concentration for the protection of human health. However, to protect aquatic
life, the Province of Ontario specifies that "an environmental level of 10 ug/2
should not be exceeded under any circumstances" (15). This guideline is not
well supported by scientific evidence.
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 (ii) Cadmium
RECOMMENDATION
It is recommended that the following numerical objective for cadmium be
adopted in compliance with Annex I, paragraph 7(al and to replace, in part, the
existing interim objective for Mercury and Other Heavy Metals in Annex 1, paragraph
2(b) of the Water Quality Agreement:
Concentrations of total cadmium in an unfiltered water sample should
not exceed 0.2 micrograms per litre to protect aquatic life.
RATIONALE
Cadmium is a divalent metal that occurs mostly as a sulphide, usually
in association with other metal sulphides, especially lead and zinc. There
is no specific mining activity for cadmium; it is obtained principally as
a by—product of zinc mining (30).
The properties of cadmium make it important in electroplating, in solders,
in pigments, as a catalyst in photography, lithography and the electronics
industry, and in the manufacture of glass, alloys, biocides, lubricants and
storage batteries (13,30). In the Great Lakes Basin, cadmium is a by—product
of zinc refining in Port Maitland, Ontario and cadmium—containing ores are mined
in the Lake Superior region (30). There is considerable use in the automotive
and metallurgical industries of the Lower Great Lakes region. Cadmium may
enter Great Lakes waters as a result of all these processes. Additional
inputs are from the weathering of rocks and the fallout from airborne cadmium
originating in fossil fuels.
In water, cadmium may be complexed with soluble inorganic or organic
materials as well as adsorbed to particulate matter. Hem (22) derived theoretical
limiting equilibrium solubilities for the carbonate and hydroxide complexes of
cadmium in specific waters. He found that cadmium concentrations in surface
waters of the United States, as reported by various authors, were much lower
than the maximum permitted by the solubility product of the carbonate, the
least soluble salt. He attributed the difference to the action of other
complexing and adsorbing materials. Hahne and Kroontje (20) also showed
theoretically that, at high pH's 0r chloride concentrations, a high proportion
of cadmium was mobilized as hydroxy or chloride complexes. However, their data
show that at pH 7—8 and a$+chloride concentrations of 35 mg/2, the bulk of
cadmium would occur as Cd . Using a cadmium specific ion electrode, Gardiner
(18) measured the degree of complexation of cadmium in synthetic solutions and
natural river waters containing varying amounts of carbonate, sewage effluen
and humic acids. He found that a large proportion of cadmium occurred as Cd
although the amount decreased with increasing pH, sewage effluent concentration
or humic acid concentration. Humic substances accounted for most of the
complexation. In natural waters, Ga iner found that, of 1,000 ug/l
added cadmium, 29—89% occurred as Cd , and the proportion was generally in
excess of 50% (18). Suspended solids originating from bottom muds will also adsorb
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70 a
ltho
ugh
some
trib
utar
ies
were
slightly higher (21). In a 1974 survey of American nearshore waters, cadmium
was always less than 2 ug/Q (detection limit) in lakes Superior and Huron (33).
Cadmium is extremely toxic to mammals. Acute toxicity to humans includes
severe nausea, salivation, vomiting, diarrhea, abdominal pains and myalgia.
Liver and/or kidney damage may follow acute poisoning and respiratory distress
may also occur (17). Chronic toxicity includes damage to liver, kidney,
hematopoietic tissue and the respiratory tract (17). Cadmium has been implicated
in bone degeneration in Japan althOugh these findings are controversial (40).
Epidemiological and experimental evidence suggests that cadmium may also cause
hypertension. In experimental animals cadmium causes testicular damage,
kidney damage, increased incidence of tumours and reduced growth (17). The
biochemical bases for these effects may be the interaction of cadmium with thiol
groups of enzymes or with phosphatidylethanolamineand phosphatidylserine mono—
layers (49). As a result, many enzymatic reactions are inhibited by cadmium,
and toxic effects occur in mitochondria, kidney tubules and nerve membranes (49).
The daily uptake of cadmium by an adult human from drinking water has been
estimated as 15 pg, as compared to 200 ug in food and 1 ug in air (35). Of the
total cadmium taken in, only 1 to 2% is retained and the rest is excreted in faeces
and urine. To limit intake from water to 200 ug/day, a drinking water limit of
10 ug/Q cadmium has been recommended (34). In Canada, the maximum permissible
concentration of cadmium in drinking water is 10 ug/l while the acceptable
concentration is less than 10 ug/R (9). To protect livestock 50 ug/Q is
recommended (34).
*Svedberg coefficient is a numerical value related to the settling velocity of
a spherical particle.
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Cadmium is not a nutrient for plants and was classified by Bowen (7) as
highly toxic (toxic at concentrations less than 1,000 ug/R in the nutrient u
solution). Since crop growths may be reduced at concentrations as low as 10 ug/Z, ‘
recommendations for irrigation water are 10 ug/Q for continuous use on all soils
and 50 ug/R on neutral and alkaline fine textured soils for a 20-year period (34).
Low concentrations of cadmium are harmful to algae. Growth of
Scenedesmus quadricauda in the laboratory was significantly inhibited at
concentrations as low as 6 ug/Q (24). Selenastrum capricornutum is somewhat
less sensitive since 80 ug/Q caused complete growth inhibition, while 50 ug/Q
caused a slight inhibition (2). In a comparative study, Burnison et a1. (8)
found that the concentrations of cadmium in Lake Ontario water causing 70%
inhibition of primary productivity of Scenedesmus quadricauda, ChloreZZa pyrenoidosa,
Ankistrodesmus faantus and ChZoreZZa vulgaris were 20, 100, 1,000 and 1,000 ug/k,
respectively. A macrophyte, Najas quadulepensis, was also affected by cadmium.
Severe effects were observed at 90 ug/Q while 7 ug/Q caused reduced chlorophyll,
turgor and stolon development (10).
The acute toxicity of cadmium to zooplankton varies considerably with the
species tested. In water from Lake di Monate, Italy, the 48—hour LCSO's for Cyclops
abyssorum preaZpinus, Eudiaptomus padanus padanus and Daphnia hyalina were
3,800, 550 and 55 ug/l, respectively (3). The 48—hour L050 for Daphnia magna
in Lake Superior water was 65 ug/R (6), a value close to that of Daphnia hyalina.
The 3—week L050 for Daphnia magna was 5 ug/R while 0.17 ug/2 caused 16%
impairment of reproduction (6). The 96—hour LC50 of the freshwater shrimp
Paratya tasmaniensis at 10 mg/l hardness was 60 ug/Q (47). A 96—hour exposure
of these shrimp to 30 ug/Q cadmium caused a change in the ultrastructure of
the gills (26).
Aquatic insects are less sensitive than zooplankton. At a hardness of
44 mg/2, the 96—hour LC5O's of cadmium for Acroneuria Zycorias (stonefly),
EphemereZZa subvaria (mayfly) and Hgdropsyche betteni (caddisfly) were
>32,000, 2,000 and >32,000 ug/Q, respectively (50). At 50 mg/Q hardness, the
96—hour LC5O's of a caddisfly, a damsel fly, and a midge (Chironomus sp.)
were 3,400, 8,100, and 1,200 ug/R, respectively (38). The species of caddisfly
was unidentified and appeared 10 times more sensitive than that tested by
Warnick and Bell (50). The 96—hour LCSO's of a caddisfly, a damsel fly and a
mayfly of Tasmania in water of 10 mg/2 hardness were 2,000, 250,000 and 840
ug/Z, respectively (47). Amphipods are much more sensitive since the 96—hour
LCSO of Australochiltonia subtennis was 40 ug/R (47) while that of a scud
(Gammarus sp.) was 70 ug/Z (38).
The 96-hour LC50's for a gastropod snail were 3,800 ug/Q for eggs and
8,400 ug/Q for adults (38). In contrast, the snail HeZisoma sp. had a 14—day
LC50 of 50 ug/Q, and 20 ug/R reduced rates of survival and hatching of eggs (27).
No effect was observed at 10 ug/R cadmium. Another benthic organism, the bristle
worm (Nais sp.) had a 96-hour L050 of 1,700 ug/l (38), while that of the
rotifer Philodina sp. was about 100 ug/z (45). Ibtrahymena pyrifbrmis, a
protozoan, showed a growth depression at 15,000 ug/l cadmium and slower swimming
at 1,000 ug/Z (5).
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These results correspond fairly well with the effects of cadmium on reproduction
and survival of brook trout measured by Benoit at al. (4). Survival of adult
males during spawning and growth of juveniles were reduced at 3.4 ug/K while no
adverse effects were noted at 1.7 ug/Q cadmium.
Cadmium up to 100,000 ug/kg in the food of fish was not toxic to rainbow
trout or dace after 18 weeks exposure (25).
Cadmium residues in fish are fairly uniform. Lovett et a1. (28) measured
cadmium concentrations in dressed fish from Lake Erie, Lake Ontario and the
St. Lawrence River. Concentrations were generally between 10 and 30 ug/kg
although a few hadless than 10 ug/kg (the detection limit) and Gizzard shad
from Lake Erie had 72 ug/kg. In another survey of dressed fish from lakes
Erie and Ontario, cadmium concentrations were uniformly less than 50 ug/kg, the
detection limit, with the one exception of 60 ug/kg in rainbow smelt from Lake
Erie (48). Using neutron activation, Lucas at aZ. (29) measured cadmium con—
centrations of 62 to 140 ug/kg in whole fish from lakes Erie, Michigan and
Superior. In fish livers, concentrations ranged from 60 to 1,400 ug/kg with
most values around 400 ug/kg suggesting that the liver concentrates cadmium.
Lake Michigan fish (presumably whole) contained l00 to 300 ug/kg cadmium without
any variation in feeding habits (21).
In experimental systems, bass and bluegills had total body accumulations
of 8 to 15 and 6 to 20 times the concentration in water, depending on that concentration
(11). Uptake and concentration in tissues levelled off within 2 months and the
greatest accumulation occurred in internal organs. Kumada at al. (25) found that
concentrations in rainbow trout exposed to cadmium in water reached a plateau in
10 to 20 weeks with maximum concentrations in the kidneys. Concentrations in whole
fish were about 10 to 80 ug/kg in control fish and increased only at cadmium
concentrations above 1 pg/R. Concentrations in whole fish reached a maximum of
960 ug/kg after 30 weeks in 4.8 ug/R and declined to 440 ug/kg after 10 weeks
in clean water. Similar increases in cadmium content were seen in rainbow trout
and dace fed food containing up to 100,000 ug/kg of cadmium. Cadmium levels in
whole trout fed this maximum amount reached 1,600 ug/kg after 12 weeks and
declined dramatically to 70 ug/kg after 6 weeks on a clean diet (25). The
dramatic decrease was seen at all concentrations and indicates that cadmium
taken in with the food is cleared faster than cadmium taken in from water. This
could be illusory if the gills of fish exposed to cadmium in water contain high
concentrations that are slowly released to the rest of the body after transferral
to clean water.
White catfish (IctaZurus catus) given an intragastric dose of radioactive
cadmium regurgitated 39 to 56% of the dose (39). Within one hour, 75% of the
cadmium in the body was contained within the gastrointestinal tract and 23% was
in the gills. The fact that 2% was in the skin suggests that the gill load may
have been picked up from the water after regurgitation. Over a period of 21 days,
cadmium gradually moved down the intestine and concentrations gradually increased
in both the liver and kidneys. By day 21, 34% of the cadmium was in the kidneys,
5% in the liver, about 56% still remained in the intestine and the rest was spread
among other organs at low concentrations. Therefore, the total transfer from cadmium
in the gut to other organs appears rather low.
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47.
48.
49.
50.
Th
or
p,
V.
J.
an
d
P.
S.
La
ke
.
fr
es
hw
at
er
in
ve
rt
eb
ra
te
s
an
d
f
r
e
s
h
w
a
t
e
r
s
h
r
i
m
p
,
P
a
r
a
t
y
a
t
a
s
m
a
n
i
e
n
s
i
s
R
i
e
k
"
.
R
e
s
.
25
:
9
7
—
1
0
4
(
1
9
7
4
)
.
U
t
h
e
,
J.
F.
an
d
E.
G.
Bl
ig
h.
of
Ca
na
di
an
fr
es
hw
at
er
fi
sh
".
Va
ll
ee
,
B.
L.
an
d
D.
D.
Ul
me
r.
le
ad
".
An
n.
Re
v.
Bi
oc
he
m.
Wa
rn
ic
k,
S.
L.
an
d
B.
L.
Be
ll
.
di
ff
er
en
t
sp
ec
ie
s
of
aq
ua
ti
c
280—284 (1969).
41:
 
"T
ox
ic
it
y
bi
os
sa
ys
of
ca
dm
iu
m
on
se
le
ct
ed
th
e
in
te
ra
ct
io
n
of
ca
dm
iu
m
an
d
zi
nc
on
th
e
Aust. J. Mar. Freshwat.
 
"P
re
li
mi
na
ry
su
rv
ey
of
he
av
y
me
ta
l
co
nt
am
in
at
io
n
J.
Fi
sh
.
Re
s.
Bo
ar
d
Ca
n.
28
:
78
6—
78
8
(1
97
1)
.
 
"B
io
ch
em
ic
al
ef
fe
ct
s
of
me
rc
ur
y,
ca
dm
iu
m
an
d
91—128 (1972).
"T
he
ac
ut
e
to
xi
ci
ty
of
so
me
he
av
y
me
ta
ls
to
in
se
ct
s”
.
J.
Wa
te
r
Po
ll
.
Co
nt
.
Fe
d.
41
:
64
 a
s
a
i
r
r
s
if
(iii)Chromium
RECOMMENDED
It
is
re
co
mm
en
de
d
th
at
th
e
fo
ll
ow
in
g
nu
me
ri
ca
l
ob
je
ct
iv
e
fo
r
ch
ro
mi
um
be
ad
op
te
d
in
co
mp
li
an
ce
wi
th
An
ne
x
1,
pa
ra
gr
ap
h
7(
a)
,
an
d
to
re
pl
ac
e
in
pa
rt
,
th
e
ex
is
ti
ng
in
te
ri
m
ob
je
ct
iv
e
fo
r
Me
rc
ur
y
an
d
Ot
he
r
To
xi
c
He
av
y
Me
ta
ls
in
An
ne
x
I,
pa
ra
gr
ap
h
2(
b)
of
th
e
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t:
Co
nc
en
tr
at
io
n
of
to
ta
l
ch
ro
mi
um
in
an
un
fi
lt
er
ed
wa
te
r
sa
mp
le
sh
ou
ld
no
t
ex
ce
ed
50
mi
cr
og
ra
ms
pe
r
li
tr
e
to
pr
ot
ec
t
ra
w
wa
te
rs
fo
r
pu
bl
ic
water supplies.
RATIONALE
Ch
ro
mi
um
as
Cr
(V
I)
ca
n
en
te
r
aq
ua
ti
c
ec
os
ys
te
ms
fr
om
th
e
pr
od
uc
ti
on
an
d
us
e
of
ex
pl
os
iv
es
,
pa
pe
r
dy
es
,
pa
in
ts
,
pl
at
ed
ma
te
ri
al
s
an
d
ta
nn
in
g.
As
Cr
(I
II
),
ch
ro
mi
um
is
pr
es
en
t
in
gl
as
s,
ce
ra
mi
cs
,
ph
ot
og
ra
ph
y
pr
oc
es
se
s
an
d
te
xt
il
e
dy
in
g
mo
rd
an
ts
(5
).
Up
to
1,
70
0
mg
/K
of
ch
ro
mi
um
as
di
ch
ro
ma
te
ar
e
al
so
ad
de
d
to
co
ol
in
g
to
we
r
wa
te
rs
to
pr
ev
en
t
co
rr
os
io
n;
th
is
am
ou
nt
is
di
sc
ha
rg
ed
di
re
ct
ly
to
wa
te
r
co
ur
se
s
(1
6)
.
Ch
ro
mi
um
oc
cu
rs
at
ve
ry
lo
w
co
nc
en
—
tr
at
io
ns
in
Gr
ea
t
La
ke
s
wa
te
rs
.
Of
fs
ho
re
,
th
e
av
er
ag
e
re
co
rd
ed
co
nc
en
tr
at
io
ns
ar
e
le
ss
th
an
0.
2
ug
/l
,
th
e
de
te
ct
io
n
li
mi
t,
an
d
95
%
of
sa
mp
le
s
co
nt
ai
n
le
ss
th
an
0.
6
ug
/l
(T
ab
le
4,
p.
45
).
At
wa
te
r
in
ta
ke
s,
av
er
ag
e
co
nc
en
tr
at
io
ns
ar
e
sh
ow
n
to
be
le
ss
th
an
10
ug
/Q
an
d
ma
xi
ma
le
ss
th
an
20
ug
/l
(T
ab
le
5)
.
Ho
we
ve
r,
co
nc
en
tr
at
io
ns
of
ch
ro
mi
um
in
wa
te
r
in
ta
ke
s
in
th
e
St
.
La
wr
en
ce
Ri
ve
r
ap
pe
ar
to
be
mu
ch
hi
gh
er
(T
ab
le
5,
p.
46
).
Si
nc
e
Cr
(I
II
)
is
pr
ob
ab
ly
co
mp
le
xe
d
as
an
in
so
lu
bl
e
hy
dr
at
ed
ox
id
e
ab
ov
e
pH
5
(1
0)
,
mo
st
di
ss
ol
ve
d
ch
ro
mi
um
in
Gr
ea
t
La
ke
s
wa
te
rs
is
pr
ob
ab
ly
in
th
e
Cr
(V
I)
va
le
nc
e
st
at
e.
Ho
we
ve
r,
Sc
hr
oe
de
r
an
d
Le
e
(1
5)
cl
ea
rl
y
de
mo
ns
tr
at
ed
th
at
Cr
(I
II
)
ad
de
d
to
na
tu
ra
l
la
ke
wa
te
rs
is
co
nv
er
te
d
ve
ry
sl
ow
ly
to
Cr
(V
I)
an
d
th
at
th
e
co
nv
er
si
on
is
sl
ow
er
at
lo
w
te
mp
er
at
ur
es
.
Co
ns
eq
ue
nt
ly
,
si
gn
if
ic
an
t
co
nc
en
tr
at
io
ns
of
Cr
(I
II
)
co
ul
d
ex
is
t
in
la
ke
wa
te
r
fo
r
ma
ny
da
ys
.
Cr
(V
I)
ca
n
po
te
nt
ia
ll
y
be
re
du
ce
d
by
H2
8
at
th
e
t
in
te
rf
ac
e
of
ae
ro
bi
c
an
d
an
ae
ro
bi
c
wa
te
rs
(1
5)
.
Ho
we
ve
r,
in
ae
ro
bi
c
la
ke
l
wa
te
rs
Cr
(V
I)
is
no
t
re
du
ce
d
an
d
is
re
mo
ve
d
pr
in
ci
pa
ll
y
by
ph
ys
ic
al
pr
oc
es
se
s.
I
Fo
r
ex
am
pl
e,
Cr
(V
I)
is
so
rb
ed
ef
fe
ct
iv
el
y
by
Fe
(0
H)
3.
Th
e
re
su
lt
is
a
}
si
gn
if
ic
an
t
po
si
ti
ve
,
li
ne
ar
co
rr
el
at
io
n
of
ch
ro
mi
um
wi
th
ir
on
in
la
ke
se
di
me
nt
s
l
(15).
 
Ch
ro
mi
um
at
lo
w
co
nc
en
tr
at
io
ns
ma
y
be
a
nu
tr
ie
nt
fo
r
pl
an
ts
an
d
an
im
al
s.
Al
th
ou
gh
no
t
pr
ov
en
to
be
es
se
nt
ia
l
fo
r
pl
an
ts
,
lo
w
co
nc
en
tr
at
io
ns
in
so
il
an
d
wa
te
r
ap
pe
ar
to
st
im
ul
at
e
gr
ow
th
of
te
rr
es
tr
ia
l
an
d
aq
ua
ti
c
sp
ec
ie
s
(1
1)
.
In
ma
mm
al
s,
ch
ro
mi
um
in
te
ra
ct
s
wi
th
in
su
li
n
to
in
cr
ea
se
gl
uc
os
e
to
le
ra
nc
e
an
d
so
me
di
ab
et
ic
co
nd
it
io
ns
ar
e
al
le
vi
at
ed
by
ch
ro
mi
um
tr
ea
tm
en
t
(3
,1
7)
.
A
Na
ti
on
al
Re
se
ar
ch
Co
un
ci
l
pa
ne
l
on
ch
ro
mi
um
co
nc
lu
de
d
th
at
"C
hr
om
iu
m
de
fi
ci
en
cy
ca
n
be
4
pr
od
uc
ed
in
ex
pe
ri
me
nt
al
an
im
al
s
bu
t
it
ca
n
be
pr
ev
en
te
d
an
d
cu
re
d
by
ap
pr
op
ri
at
e
é
ch
ro
mi
um
su
pp
le
me
nt
at
io
n.
It
s
sy
mp
to
ms
ar
e
re
pr
od
uc
ib
le
an
d
co
ns
is
t
of
a
ge
ne
ra
l
de
cr
ea
se
in
th
e
ti
ss
ue
re
sp
on
se
to
in
su
li
n.
On
th
is
ba
si
s,
ch
ro
mi
um
mu
st
be
co
ns
id
er
ed
an
es
se
nt
ia
l
el
em
en
t”
(l
l)
.
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2
1
f
i.
l
 
A
t
h
i
g
h
c
o
n
c
e
n
t
r
a
t
i
o
n
s
,
c
h
r
o
m
i
u
m
i
n
a
i
r
c
a
u
s
e
s
r
e
s
p
i
r
a
t
o
r
y
d
a
m
a
g
e
a
n
d
c
a
n
c
e
r
i
n
m
a
m
m
a
l
s
,
w
h
i
l
e
c
o
n
t
a
c
t
w
i
t
h
t
h
e
s
k
i
n
c
a
n
c
a
u
s
e
u
l
c
e
r
s
,
s
c
a
r
s
a
n
d
a
l
l
e
r
g
i
c
e
f
f
e
c
t
s
(
1
1
)
.
T
h
e
e
f
f
e
c
t
s
o
n
h
u
m
a
n
s
o
f
c
h
r
o
m
i
u
m
i
n
d
r
i
n
k
i
n
g
w
a
t
e
r
a
r
e
u
n
k
n
o
w
n
b
u
t
a
s
t
a
n
d
a
r
d
o
f
5
0
u
g
/
l
t
o
t
a
l
c
h
r
o
m
i
u
m
h
a
s
b
e
e
n
s
e
t
i
n
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
t
o
l
i
m
i
t
t
o
t
a
l
d
a
i
l
y
i
n
t
a
k
e
(
1
0
)
.
I
n
C
a
n
a
d
a
,
t
h
e
m
a
x
i
m
u
m
p
e
r
m
i
s
s
i
b
l
e
c
o
n
c
e
n
t
r
a
t
i
o
n
i
s
5
0
u
g
/
R
(
4
)
.
T
h
e
t
o
x
i
c
i
t
y
o
f
c
h
r
o
m
i
u
m
t
o
a
q
u
a
t
i
c
b
i
o
t
a
i
s
q
u
i
t
e
v
a
r
i
a
b
l
e
d
e
p
e
n
d
i
n
g
o
n
t
h
e
s
p
e
c
i
e
s
t
e
s
t
e
d
.
H
e
r
v
e
y
(7
)
u
s
e
d
a
s
u
b
j
e
c
t
i
v
e
m
e
a
s
u
r
e
m
e
n
t
o
f
u
n
i
c
e
l
l
u
l
a
r
a
l
g
a
l
g
r
o
w
t
h
i
n
h
i
b
i
t
i
o
n
to
d
e
m
o
n
s
t
r
a
t
e
t
h
a
t
s
o
m
e
d
i
a
t
o
m
s
w
e
r
e
s
e
n
s
i
t
i
v
e
t
o
3
2
0
u
g
/
Q
b
u
t
n
o
t
t
o
3
2
u
g
/
Q
o
f
c
h
r
o
m
i
u
m
.
U
s
i
n
g
1
“
C
f
i
x
a
t
i
o
n
t
o
e
s
t
i
m
a
t
e
g
r
o
w
t
h
,
W
i
u
m
—
A
n
d
e
r
s
o
n
(1
9)
e
s
t
i
m
a
t
e
d
t
h
a
t
6
5
0
u
g
/
Q
o
f
C
r
(
V
1
)
c
a
u
s
e
d
5
0
%
i
n
h
i
b
i
t
i
o
n
o
f
p
h
o
t
o
s
y
n
t
h
e
s
i
s
b
y
t
h
e
d
i
a
t
o
m
,
N
i
t
z
s
c
h
i
a
p
a
Z
e
a
.
P
a
t
r
i
c
k
a
t
a
l
.
(1
3)
i
n
d
i
c
a
t
e
d
t
h
a
t
2
0
8
u
g
/
R
o
f
C
r
(
1
1
1
)
a
l
s
o
c
a
u
s
e
d
5
0
%
r
e
d
u
c
t
i
o
n
o
f
p
h
o
t
o
s
y
n
t
h
e
s
i
s
o
f
N.
p
a
Z
e
a
.
B
a
s
e
d
o
n
c
e
l
l
c
o
u
n
t
s
,
1
5
0
u
g
/
Q
a
l
l
o
w
e
d
v
e
r
y
l
i
t
t
l
e
g
r
o
w
t
h
a
f
t
e
r
4
d
a
y
s
e
x
p
o
s
u
r
e
a
t
l
o
w
c
e
l
l
d
e
n
s
i
t
i
e
s
(1
9)
.
D
a
p
h
n
i
a
m
a
g
n
a
r
e
p
r
o
d
u
c
t
i
o
n
a
n
d
a
c
t
i
v
i
t
y
w
e
r
e
i
n
h
i
b
i
t
e
d
b
y
3
3
0
a
n
d
3
2
0
u
g
/
Q
c
h
r
o
m
i
u
m
,
r
e
s
p
e
c
t
i
v
e
l
y
(
2
,
1
9
)
.
A
n
o
t
h
e
r
i
n
v
e
r
t
e
b
r
a
t
e
,
P
h
i
l
o
d
i
n
a
r
o
s
e
o
l
a
,
w
a
s
s
h
o
w
n
to
b
e
1
0
t
i
m
e
s
l
e
s
s
s
e
n
s
i
t
i
v
e
t
h
a
n
U
a
p
h
n
i
a
m
a
g
m
a
s
i
n
c
e
i
t
s
l
i
f
e
c
y
c
l
e
w
a
s
a
f
f
e
c
t
e
d
b
e
t
w
e
e
n
3
,
4
0
0
a
n
d
4
,
6
0
0
u
g
/
R
(1
4)
.
A
s
e
r
i
e
s
of
u
n
p
u
b
l
i
s
h
e
d
s
t
u
d
i
e
s
b
y
B
e
n
o
i
t
a
n
d
P
i
c
k
e
r
i
n
g
,
r
e
p
o
r
t
e
d
i
n
"
W
a
t
e
r
Q
u
a
l
i
t
y
C
r
i
t
e
r
i
a
1
9
7
2
”
(1
0)
,
d
e
m
o
n
s
t
r
a
t
e
d
"
s
a
f
e
"
c
o
n
c
e
n
t
r
a
t
i
o
n
s
,
b
a
s
e
d
o
n
r
e
p
r
o
d
u
c
t
i
o
n
,
o
f
30
0,
60
0,
a
n
d
1
,
0
0
0
u
g
/
Q
o
f
h
e
x
a
v
a
l
e
n
t
c
h
r
o
m
i
u
m
f
o
r
r
a
i
n
b
o
w
t
r
o
ut
(S
aZ
mo
g
a
i
r
d
n
e
r
i
)
,
b
r
o
o
k
t
r
o
ut
(
S
a
l
v
a
l
i
n
u
s
f
o
n
t
i
n
a
l
i
s
)
,
a
n
d
f
a
t
h
e
a
d
m
i
n
n
o
w
(P
im
ep
ha
le
s
pr
om
el
as
),
re
sp
ec
ti
ve
ly
.
Th
e
“s
af
e”
c
o
n
c
e
n
t
r
a
t
i
o
n
of
t
r
i
v
a
l
e
n
t
c
h
r
o
m
i
u
m
fo
r
f
a
t
h
e
a
d
m
i
n
n
o
w
s
wa
s
1
,
0
0
0
ug
/Q
.
T
h
e
r
e
f
o
r
e
,
b
o
t
h
v
a
l
e
n
c
e
s
t
a
t
e
s
of
c
h
r
o
m
i
u
m
a
p
p
e
a
r
e
q
u
a
l
l
y
t
o
xi
c
o
n
a
s
u
b
l
e
t
h
a
l
b
a
s
i
s
.
H
o
w
e
v
e
r
,
O
l
s
o
n
(1
2)
o
b
s
e
r
v
e
d
t
h
a
t
c
h
i
n
o
o
k
s
a
l
m
o
n
f
i
n
g
e
r
l
i
n
g
s
(
O
n
c
o
r
h
y
n
c
h
u
s
t
s
h
a
w
y
t
s
c
h
a
)
,
a
f
t
e
r
12
w
e
e
k
s
e
x
p
o
s
u
r
e
,
h
a
d
h
i
g
h
e
r
m
o
r
t
a
l
i
t
y
r
a
t
e
s
(>
50
%)
a
n
d
l
o
w
e
r
g
r
o
w
t
h
r
a
t
e
s
in
20
0
ug
/l
Cr
(V
I)
th
an
in
20
0
ug
/R
Cr
(1
11
)
or
in
co
nt
ro
l
ta
nk
s.
Th
e
fi
sh
in
Cr
(1
11
)
ha
d
m
o
r
t
a
l
i
t
y
an
d
gr
ow
th
ra
te
s
id
en
ti
ca
l
to
th
os
e
of
th
e
co
nt
ro
l
fi
sh
.
Th
er
ef
or
e,
on
an
ac
ut
e
ba
si
s,
Cr
(1
11
)
ap
pe
ar
s
le
ss
to
xi
c
th
an
Cr
(V
1)
.
Ch
ro
mi
um
co
nc
en
tr
at
io
ns
in
fi
sh
ti
ss
ue
ar
e
lo
w.
Lu
ca
s
an
d
Ed
gi
ng
to
n
(9
)
me
as
ur
ed
ch
ro
mi
um
by
ne
ut
ro
n
ac
ti
va
ti
on
an
d
fo
un
d
th
at
av
er
ag
e
wh
ol
e
bo
dy
co
nc
en
tr
at
io
ns
in
al
ew
if
e,
sp
ot
ta
il
Sh
in
er
an
d
tr
ou
t
pe
rc
h
ra
ng
ed
fr
om
0.
9
to
1.
6
ug
/g
.
Ch
ro
mi
um
wa
s
al
so
me
as
ur
e
d
by
n
e
ut
r
o
n
a
c
t
i
va
t
i
o
n
in
dr
es
se
d
sa
mp
le
s
of
Wh
it
ef
is
h,
no
rt
he
rn
pi
ke
,
sm
el
t
an
d
pe
rc
h.
Th
e
co
nc
en
tr
at
io
ns
ra
ng
ed
fr
om
<0
.0
17
ug
/g
to
0.
03
4
ug
/g
we
t
we
ig
ht
(1
8)
.
Th
es
e
re
su
lt
s
ar
e
qu
it
e
lo
w
c
o
m
p
a
r
e
d
to
th
os
e
in
wh
ol
e
fi
sh
,
su
gg
es
ti
ng
th
at
ch
ro
mi
um
is
no
t
re
ta
in
ed
by
mu
sc
le
.
In
ad
di
ti
on
,
th
er
e
wa
s
no
va
ri
at
io
n
in
th
e
ch
ro
mi
um
co
nc
en
tr
at
io
n
in
th
e
fi
sh
wi
th
in
sp
ec
ie
s
fr
om
La
ke
Er
ie
an
d
fr
om
Mo
os
e
La
ke
,
Ma
ni
to
ba
,
wh
ic
h
is
fr
ee
fr
om
in
du
st
ri
al
ac
ti
vi
ty
.
Ex
pe
ri
me
nt
al
ex
po
su
re
s
in
di
ca
te
th
at
Cr
(V
1)
wa
s
ta
ke
n
up
fr
om
wa
te
r
at
co
nc
en
tr
at
io
ns
as
lo
w
as
1
ug
/R
(6
).
At
2,
50
0
ug
/R
,
up
ta
ke
wa
s
vi
a
th
e
gi
ll
s
an
d
th
e
me
ta
l
oc
cu
rr
ed
in
th
e
sp
le
en
,
po
st
er
io
r
gu
t,
py
lo
ri
c
ca
ec
a,
st
om
ac
h
an
d
ki
dn
ey
(8
).
Li
tt
le
oc
cu
rr
ed
in
mu
sc
le
an
d
up
ta
ke
ac
ro
ss
th
e
st
om
ac
h
wa
s
mi
ni
ma
l.
It
do
es
no
t
ap
pe
ar
th
at
ch
ro
mi
um
co
nt
am
in
at
io
n
of
fi
sh
re
pr
es
en
ts
a
pr
ob
le
m
si
nc
e
or
al
to
xi
ci
ty
to
ma
mm
al
s
is
lo
w
(1
1)
.
Al
so
,
th
e
re
si
du
es
re
po
rt
ed
in
th
e
up
ta
ke
ex
pe
ri
me
nt
s
we
re
no
t
as
so
ci
at
ed
wi
th
an
y
da
ma
ge
to
th
e
fi
sh
.
Th
er
ef
or
e,
no
ob
je
ct
iv
e
fo
r
ch
ro
mi
um
co
nc
en
tr
at
io
ns
in
fi
sh
ti
ss
ue
s
is
recommended at this time.
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wa
te
r
so
me
wh
at
gr
ea
te
r
th
an
th
e
gu
id
el
in
e
fo
r
dr
in
ki
ng
wa
te
r
to
pr
ot
ec
t
aq
ua
ti
c
li
fe
.
 
Th
e
da
ta
pr
es
en
te
d
on
to
xi
ci
ty
su
gg
es
t
an
ob
je
ct
iv
e
fo
r
ch
ro
mi
um
in
Si
nc
e
th
e
Un
it
ed
St
at
es
an
d
Ca
na
di
an
gu
id
el
in
es
fo
r
dr
in
ki
ng
wa
te
r
ar
e
50
ng
/Q
,
th
e
ob
je
ct
iv
e
fo
r
to
ta
l
ch
ro
mi
um
is
50
ng
/l
.
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 M
(i
v)
Le
ad
L
RECOMMENDATION
It is recommended that the following numerical objective for lead be adopted
in compliance with Annex I, paragraph 7(a), and to replace in part, the existing
interim objective for Mercury and Other Toxic Heavy Metals in Annex I, paragraph
2(b) of the Water Quality Agreement:
Concentrations of total lead in an unfiltered water sample should not
exceed l0 micrograms per litre in Lake Superior, 20 micrograms per litre
in Lake Huron and 25 micrograms per litre in all remaining Great Lakes
to protect aquatic life.
RATIONALE
Lead is released to aquatic ecosystems from the production and use of
lead in gasolines, paints, glazes, pipes, roofing materials and ammunition,
especially shotgun pellets. Lead is also released during metal mining and
refining processes, recycling of used lead products, burning of fuels and
recycling or disposal of used motor oils (17).
Lead generally occurs in very low concentrations in water because of its
low solubility. Since carbonate, hydroxide, phosphate, chloride, etc. form
inso
lubl
e sa
lts
with
lead
, an
y di
ssol
ved
lead
can
be c
onve
rted
to a
n in
solu
ble
form
and
prec
ipit
ated
to t
he s
edim
ents
.
In L
ake
Onta
rio
wate
r,
for
exam
ple,
it has been found that at concentrations above 100 mg/2 lead, more than 98%
is p
reci
pita
ted
afte
r 24
hour
s.
Abov
e 10
mg/l
, 7
0% i
s pr
ecip
itat
ed a
nd a
bove
1 mg/R, 10% is precipitated. The precipitate does not appear to redissolve
upon agitation (12). Below 1 mg/Q, lead may be in an insoluble form but not
prec
ipit
ated
, p
erha
ps d
ue t
o pa
rtic
le s
ize.
The
prop
orti
on i
n an
undi
ssol
ved
form
vari
es w
ith
wate
r ha
rdne
ss
(7).
At a
hard
ness
of 2
4.0
mg/ﬁ
, a
lkal
init
y
of 22
.8 mg
/R an
d pH
of 6.
91, a
bout
100%
of le
ad be
low 1
00 mg
/l is
in a
disso
lved
f
form
.
In w
ater
with
a ha
rdne
ss o
f 35
3 mg
/l,
alka
lini
ty o
f 24
3 mg
/l a
nd p
H of
2
abou
t 7.
9, d
isso
lved
lead
was
only
2% o
f a
tota
l of
3,24
0 mg
/l.
As t
he t
otal
conc
entr
atio
n de
crea
sed,
diss
olve
d le
ad i
ncre
ased
to 2
7% o
f a
tota
l of
40 u
g/l
lead (7). Lead solubility is strongly influenced by pH; above pH 8.0 the
solubility is less than 10 ug/k, regardless of alkalinity (ll).
 
Mod
al
lea
d c
onc
ent
rat
ion
s i
n t
he
Upp
er
Gre
at
Lak
es
are
les
s t
han
1.0
ug/
Q
offs
hore
, an
d 95
% of
all
samp
les
cont
ain
less
than
3.0
ug/£
(Tab
le 4
, p.
45)
At
wat
er
int
ake
s,
mea
n l
ead
con
cen
tra
tio
ns
are
as
hig
h a
s 3
4 u
g/R
wit
h m
axi
ma
at
55
ug/
Q o
r l
ess
(Tab
le
i p
.46)
.
The
hig
her
ins
hor
e c
onc
ent
rat
ion
s p
rob
abl
y r
efle
ct
local inputs to the lakes.
Lea
d i
s n
ot
ess
ent
ial
for
pla
nt
and
ani
mal
gro
wth
and
is,
in
fac
t,
qui
te
toxic. Bowen (2) has rated lead as being very toxic to plants, that is, toxic
effects may be seen below 1 mg/R in the nutrient solution.
Lead shot is also toxic to wildlife. Poisoning of diving and dabbling
ducks, as well as swans and geese is a major problem of wetlands management (17).
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Bi
rd
s
ma
y
di
e
by
fe
ed
in
g
of
f
bo
tt
om
ma
te
ri
al
he
av
il
y
co
nt
am
in
at
ed
wi
th
le
ad
sh
ot
fr
om
hu
nt
in
g.
On
e
le
ad
pe
ll
et
in
ge
st
ed
by
a
ma
ll
ar
d
ca
n
ca
us
e
el
ev
at
ed
bl
oo
d
le
ad
le
ve
ls
fo
r
up
to
th
re
e
mo
nt
hs
(8
).
Th
e
sa
me
ex
po
su
re
al
so
ca
us
ed
ma
rk
ed
ch
an
ge
s
in
en
zy
me
ac
ti
vi
ty
of
br
ai
n
an
d
li
ve
r
ti
ss
ue
(8
).
Th
e
le
th
al
do
se
is
es
ti
ma
te
d
as
5
to
6
le
ad
pe
ll
et
s
fo
r
a
ma
ll
ar
d
an
d
15
to
25
fo
r
a
Ca
na
da
go
os
e
(l
7)
;
to
xi
ci
ty
va
ri
es
wi
th
di
et
.
Le
ad
to
xi
ci
ty
to
ma
mm
al
ia
n
wi
ld
li
fe
ha
s
no
t
be
en
re
po
rt
ed
bu
t
hu
ma
ns
an
d
so
me
do
me
st
ic
an
im
al
s
ar
e
qu
it
e
su
sc
ep
ti
bl
e
to
le
ad
.
Do
me
st
ic
an
im
al
s
ar
e
ex
po
se
d
th
ro
ug
h
in
ge
st
io
n
of
so
li
d
wa
st
e,
fo
r
ex
am
pl
e,
le
ad
-a
ci
d
ba
tt
er
ie
s,
or
co
nt
am
in
at
ed
dr
in
ki
ng
wa
te
r.
Ch
ro
ni
c
to
xi
c
ef
fe
ct
s
in
cl
ud
e
di
ge
st
iv
e
pr
ob
le
ms
,
re
na
l
da
ma
ge
,
ne
ur
al
da
ma
ge
an
d
ev
en
tu
al
ly
de
at
h.
Em
br
yo
to
xi
ci
ty
du
e
to
tr
an
sp
la
ce
nt
al
le
ad
tr
an
sf
er
ha
s
be
en
ob
se
rv
ed
bu
t
te
ra
to
ge
ni
ci
ty
ha
s
no
t
be
en
pr
ov
en
co
nc
lu
si
ve
ly
(1
7)
.
Ma
ny
of
th
es
e
re
su
lt
s
ar
e
fr
om
ex
pe
ri
me
nt
al
po
is
on
in
gs
.
Th
e
re
co
mm
en
da
ti
on
for
le
ad
in
wa
te
r
for
li
ve
st
oc
k
in
the
Un
it
ed
St
at
es
is
100 ug/l (16).
Ma
n
is
ex
po
se
d
to
le
ad
th
ro
ug
h
fo
od
,
wa
te
r
an
d
ai
r.
So
ur
ce
s
of
le
ad
in
cl
ud
e
bu
rn
in
g
of
fo
ss
il
fue
ls,
sm
ok
in
g,
dr
in
ki
ng
wa
te
r,
no
n—
fo
od
it
em
s
su
ch
as
pa
in
t
chi
ps,
il
li
ci
t
liq
uor
,
co
nt
ai
ne
rs
im
pr
op
er
ly
gl
az
ed
wi
th
le
ad
si
li
ca
te
s
an
d
in
du
st
ri
al
op
er
at
io
ns
(17
).
Le
ad
po
is
on
in
g
or
pl
um
bi
sm
,
ha
s
th
re
e
as
pe
ct
s:
mi
ld
or
se
ve
re
dy
sf
un
ct
io
n
of
the
al
im
en
ta
ry
tra
ct,
ne
ur
om
us
cu
la
r
at
ro
ph
y,
an
d
en
ce
ph
al
op
at
hy
.
Th
er
ef
or
e,
it
ha
s
be
en
re
co
mm
en
de
d
th
at
to
ta
l
le
ad
in
ta
ke
be
li
mi
te
d
to
0.
6
mg
/d
ay
by
ad
ul
ts
(16
,17
)
an
d
0.
3
mg
/d
ay
by
ch
il
dr
en
(17
).
Th
e
re
co
mm
en
da
ti
on
for
le
ad
in
dr
in
ki
ng
wa
te
r
in
the
Un
it
ed
St
at
es
is
50
ug
/i
(16
)
whi
le
in
Can
ada
the
max
imu
m p
erm
iss
ibl
e
lim
it
is
50
ug/
l,
les
s
tha
n
50
ug/
l
is
acc
ept
abl
e,
and
the
obj
ect
ive
is
"no
t d
ete
cta
ble
"
(4)
.
Le
ad
ap
pe
ar
s
to
be
re
la
ti
ve
ly
no
n—
to
xi
c
to
alg
ae.
Co
nc
en
tr
at
io
ns
re
du
ci
ng
gr
ow
th
as
de
te
rm
in
ed
by
ce
ll
nu
mb
er
s,
C02
fi
xat
io
n,
ch
lo
ro
ph
yl
l
pr
od
uc
ti
on
,
etc
.
are
gen
era
lly
bet
wee
n
1 a
nd
100
mg/
2
and
occ
asi
ona
lly
as
hig
h
as
1,0
00
mg/
l
(22
).
To
xi
ci
ty
va
ri
es
co
ns
id
er
ab
ly
be
tw
ee
n
sp
ec
ie
s
an
d
be
tw
ee
n
gr
ow
th
me
di
a.
Th
e
gro
wth
med
ia
fac
tor
is
of
con
sid
era
ble
imp
ort
anc
e
sin
ce
tox
ici
ty
of
lea
d
in
nat
ura
l
wat
ers
is
muc
h g
rea
ter
tha
n i
n a
rti
fic
ial
med
ia.
Gro
wth
of
Ank
ist
rod
esm
us
th
ca
tu
s,
a g
ree
n
alg
a o
f
the
Gre
at
Lak
es,
was
red
uce
d
50%
by
abo
ut
10,
000
ug/
2
lea
d
in
Chu
10
med
ium
.
In
Lak
e
Ont
ari
o w
ate
r,
a s
imi
lar
eff
ect
was
see
n
bet
wee
n
10
and
100
ug/
i
(22
).
Tem
per
atu
re
mus
t
als
o
be
con
sid
ere
d,
sin
ce
tox
ici
ty
inc
rea
ses
wit
h t
emp
era
tur
e (
22)
and
mos
t l
abo
rat
ory
stu
die
s a
re
con
duc
ted
at
20°
C.
Dap
hni
a m
agn
a
rep
rod
uct
ion
was
inh
ibi
ted
by
30
ug/
l
lea
d
(1)
.
Con
dit
ion
ed
beh
avi
our
of
gol
dfi
sh
(Ca
ras
siu
s a
ura
tur
) w
as
aff
ect
ed
by
70
ug/
l l
ead
(21
),
but
the
imp
ort
anc
e o
f t
his
cha
nge
is
unk
now
n.
Gro
wth
of
bro
ok
tro
ut
(Sa
lve
lin
us
fbn
tin
ali
s)
was
red
uce
d b
y p
eri
odi
c h
igh
con
cen
tra
tio
ns
of
lea
d b
etw
een
15,
000
and
25,
000
ug/
Z (
9),
whi
le
gro
wth
of
gup
pie
s (
Leb
ist
es
ret
icu
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and
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t
27 mg/2 hardness and 23 mg/2 alkalinity. At 354 mg/2 hardness and 243 mg/l
alkalinity, the effects occurred between 120 and 360 ug/l total lead. When the
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results from hard water were expressed as "free" lead measured by pulse
polarography, the effects OCCurred between 18 and 32 ug/K. Therefore, a safe
concentration based on total lead varies considerably with hardness, while that
 
based on "free" lead varies only slightly. For trout exposed from the egg stage
onwards and for parents exposed to lead for one year, the safe-unsafe range
was 6 to 12 ug/Q in soft water.
Interpolating from Davies and Everhart's results (7), safe—unsafe
concentration ranges for total lead in the Great Lakes are as follows:
Hardness Alkalinity Safe—unsafe range Safe—unsafe range
based on hardness based on alkalinity
(mg/Q) (mg/1) (pg/2 of lead) (pg/Q of lead)
Lake Superior 44 41 15 to 24 16 to 25
Lake Huron 94 75 21 to 37 22 to 38
Lake Michigan 119 —— 25 to 46 ——
Lake Erie 123 91 25 to 46 26 to 48
Lake Ontario 135 90 27 to 52 26 to 48
These results were confirmed by Goettl at al. (10) using the same dilution
water. They found that 10rdosis plus scoliosis developed in young rainbow
trout at lead concentrations between 8.0 and 14.0 ug/Q. A third study of
brook trout in water of 44 mg/2 hardness gave similar results between 58 and
119 ug/Q total lead (13). On a dissolved basis, this represented 39 and 84 ug/Q.
Thus, brook trout are apparently not as sensitive as rainbow trout.
Some lead accumulation occurs in aquatic biota. Phytoplankton accumulate
large quantities, perhaps due to adsorption by the relatively large surface areas
of algal cells, or to ion exchange (19). Leland and McNurmey (14) showed
that concentrations of lead were always highest in periphyton of streams and
decreased with increasing trophic level. Herbivorous fish had higher concentra—
tions of lead than did carnivorous fish. All concentrations of lead in fish
were less than 5.0 ug/g.
Lead concentrations in fillets of Great Lakes fish were found to be
uniformly less than 0.5 ug/g, the detection limit, regardless of species or
sample location (20). However, in a more recent survey, Brown and Chow (3)
reported that fish from Baie du Dore, Lake Huron, contained 0.19 ug/g lead in
muscle while those from Toronto Harbour contained 1.78 ug/g. Since only the
values from Toronto Harbour appear elevated, muscle lead concentrations may
reflect local contamination. Higher concentrations of lead occur in other
organs of fish. In trout from a stream, concentrations of lead were higher
in bone than in liver or gills (18). In addition, there was a significant
difference in lead content of bone between fish from a hatchery and fish from
a river containing 2.65 to 2.93 ug/l lead, twice as much as in hatchery water.
Lead may also occur in blood and accumulate in kidney tissue (12). The
significance of these residues to fish health has not yet been determined.
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fo
r
fi
sh
fo
r
hu
ma
n
co
ns
um
pt
io
n
ar
e
0.
5
ug
/g
me
rc
ur
y
in
ed
ib
le
po
rt
io
ns
of
fi
sh
.
Na
tu
ra
l
ba
ck
gr
ou
nd
co
nc
en
tr
at
io
ns
of
me
rc
ur
y
in
fi
sh
ar
e
ge
ne
ra
ll
y
be
lo
w
th
is
le
ve
l,
bu
t
ma
y
lo
ca
ll
y
ex
ce
ed
it
in
so
me
sp
ec
ie
s.
Th
er
e
is
no
ev
id
en
ce
th
at
co
nc
en
tr
at
io
ns
of
0.
5
ug
/g
in
fi
sh
ha
ve
an
y
ef
fe
ct
on
th
em
.
Co
nc
en
tr
at
io
ns
of
me
rc
ur
y
in
fi
sh
th
at
ha
ve
be
en
ki
ll
ed
by
ch
ro
ni
c
ex
po
su
re
to
me
th
yl
me
rc
ur
y
ra
ng
ed
fr
om
9.
5
to
23
.5
ug
/g
(18
).
It
is
ne
ar
ly
im
po
ss
ib
le
to
co
rr
el
at
e
en
vi
ro
nm
en
ta
l
co
nc
en
tr
at
io
ns
of
to
ta
l
me
rc
ur
y
in
un
fi
lt
er
ed
wa
te
r
wi
th
co
nc
en
tr
at
io
ns
of
me
th
yl
me
rc
ur
y
wh
ic
h
ac
cu
mu
la
te
in
fis
h.
The
re
are
sev
era
l
rea
son
s
for
thi
s.
In
aqu
ati
c
eco
sys
tem
s
the
vas
t
maj
ori
ty
of
the
tot
al
mer
cur
y i
s l
oca
ted
in
the
sed
ime
nts
, w
her
e t
he
hig
hes
t
con
cen
tra
tio
n i
s a
sso
cia
ted
wit
h t
he
sma
lle
st
par
tic
les
(3,2
5).
The
mer
cur
y
ass
oci
ate
d w
ith
the
se
sma
ll
par
tic
les
in
the
wat
er
sam
ple
w0u
ld
be
inc
lud
ed
in
unfiltered samples so that the turbidity of a sample significantly affects the
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 mercury
determination.
The
biological
availability
of
mercury
associated
with
these
samples
is
probably
significantly
lower
than
that
of
any
methylmercury
in
_
solution.
In
addition
to
mercury
compounds
adsorbed
onto
or
incorporated
into
5
particles,
an
unfiltered
water
sample
will
contain
mercury
compounds
chelated
by
dissolved
organic
substances
such
as
fulvic
acids
(2),
and
dissolved
mercury
compounds.
The
proportion
of
methylmercury
in
this
complex
mixture
is
probably
variable,
but
cannot
be
readily
determined
by
present
techniques.
Indirect
evidence
indicates
that
the
the
amount
of
methylmercury
in
water
constitutes
a
minor
proportion
of
the
total
mercury
content
in
unfiltered
samples.
Experimen—
tal
exposure
of
brook
trout
to
0.03
ug/Q
of
methylmercury
has
resulted
in
an
accumulation
of
0.96
ug/g
after
239
days
of
exposure
(18).
Equilibrium
concentrations
were
not
reached
during
this
exposure
and
were
estimated
to
be
significantly
higher
(>3
ug/g)
by
Hartung
(10).
However,
background
levels
of
total
mercury
in
water
have
been
reported
to
range
from
0.05
to
0.1
ug/Q
(l9),
and
these
have
been
associated
with
concentrations
of
0.01
to
0.2
ug/g
mercury
in
fish.
Thus
there
is
a
significant
discrepancy
between
bioaccumulation
data
derived
from
experimental
exposures
to
methylmercury
when
compared
with
those
derived
from
experimental
data.
Consequently
it
must
be
concluded
that
measurements
of
total
mercury
in
unfiltered
water
have
only
marginal
usefulness
in
deriving
environmental
quality
criteria,
and
therefore
the
measurement
of
mercury
accumulated
in
biological
organisms
represents
a
significantly
more
persuasive
criterion.
A
series
of
toxicity
studies,
summarized
in
Table
6,
demonstrates
that
most
organic
mercury
compounds
are
more
toxic
than
inorganic
mercury
salts.
No
effects
were
noted
in
a
three
generation
exposure
of
brook
trout
to
0.29
ug/Q
methylmercury.
A
slight
reduction
in
the
hatchability
of
eggs
of
zebrafish
was
noted
at
0.2
ug/Q.
However,
while
this
level
should
protect
aquatic
life,
it will result in accumulations of methylmercury in aquatic life in excess of
0.5
ug/g.
For
the
purpose
of
setting an objective
to protect
aquatic
life,
the
total
amount
of mercury
in filtered water
samples
is arbitrarily considered
to
be
methylmercury.
Concentrations
of
0.2
ug/l
of
total
mercury
in
filtered
water
should
therefore
protect
aquatic
life with a more
than adequate
safety margin.
 
1
Protection of organisms which consume aquatic life cannot be based on
;
water
concentrations,
but
on
an evaluation
of
the amounts
of mercury
accumulated
{
in
aquatic
organisms.
L
I
1
On Lake St. Clair in 1970, great blue herons and terns were found with mercury
levels
up
to
23 ug/g
and
7.5
pg/g,
respectively,
in
their
flesh.
Fish
recovered from their stomachs contained up to 3.8 ug/g mercury
(6).
No
mortalities or population effects
were
noted
in these
species.
Keith and
Gruchy
(15) also reported finding elevated mercury residues in gull
eggswithout any
effects on reproduction.
The levels found in these instances are close or
identical to levels associated with mercury poisoning in some species of seed—
eating birds.
It is therefore evident that species differences exist, and at
least some fish—eating birds appear to be more resistant than some seed—eating
3
spec1es.
.
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7
Organism
Compound
TABLE
6
(con
t'd)
MERCURY TOXICITY STUDIES
Effect
Lowest
Conc.
Producing
Effect
Highest No
Effect
Conc.
Remarks
Reference
Rainbow
trout
Brook trout
Cat
Japanese
quail
Mallard
Hg++
CH3Hg+
+
CH3Hg
HgC12
N—(ethyl
mercury)—p—
toluene—sulfonanilide
American
kestrel
Ring
dove
Mallard
M
a
l
l
a
r
d
duckling
CH3Hg+
+
CH3Hg
+
C
H
3
H
g
+
CH3Hg
decreased
activity
50
ug/K
deformities,
deaths in
2nd
gen.
0.93 ug/Q
C.N.S.
deaths
0.25 mg/kg/day
Egg
shell
thinning
l ug/g (diet)
Egg
shell
thinning
Egg
shell
thinning
Egg
shell
thinning
decreased
egg
laying
1
0
u
g
/
g
Decreased
h
a
t
c
h
l
i
n
g
survival
3
ug/g
(diet)
enhanced
avoidance
response
0.5
ug/g
(diet)
0.29
2
0
0
1
0
10
0
.
5
ug/Q
ug/g
(diet)
ug/g
ug/g
(diet)
ug
/g
ug/g
(diet)
4—6 day exposure
3 generation
exposure
55—96 feeding of
synthetic or
"natural"
CH3Hg+
85 day
exposure
(contains
3.1%
Hg)
3 months exposure
intramuscular
21
week
exposure
hens
fed
prior
to
(l)
(1
8)
(5)
(24)
(
9
)
(21)
(21)
(21)
(11,12)
and
during
reproductive
phase
(11,12)
  
Ta
bl
e
6
al
so
li
st
s
th
e
ef
fe
ct
s
of
fe
ed
in
g
m
e
t
h
yl
m
e
r
c
ur
y
to
bi
rd
s.
E
g
g
s
h
e
l
l
t
h
i
n
n
i
n
g
wa
s
r
e
p
o
r
t
e
d
to
o
c
c
u
r
in
o
n
e
s
t
u
d
y
of
J
a
p
a
n
e
s
e
q
u
a
i
l
at
l
u
g
/
g
of
m
e
r
c
u
r
i
c
c
h
l
o
r
i
d
e
in
th
e
di
et
.
H
o
w
e
v
e
r
,
s
t
u
d
i
e
s
w
i
t
h
o
r
g
a
n
i
c
m
e
r
c
u
r
y
i
n
c
l
u
d
i
n
g
m
e
t
h
y
l
m
e
r
c
u
r
y
h
a
v
e
n
o
t
c
o
n
f
i
r
m
e
d
t
h
i
s
in
o
t
h
e
r
s
p
e
c
i
e
s
,
e
v
e
n
at
h
i
g
h
e
r
d
o
s
e
le
ve
ls
.
T
h
e
m
o
s
t
s
e
n
s
i
t
i
v
e
e
f
f
e
c
t
f
o
un
d
w
a
s
h
a
t
c
h
l
i
n
g
s
u
r
v
i
v
a
l
in
m
a
l
l
a
r
d
s
at
3
ug
/g
,
bu
t
no
t
at
0.
5
ug
/g
.
Th
e
a
vo
i
d
a
n
c
e
re
sp
on
se
of
du
ck
li
ng
s
wa
s
en
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ed
sl
ig
ht
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at
0.
5
ug
/g
m
e
t
h
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m
e
r
c
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y
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d
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s
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r
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d
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e
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e.
Si
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e
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ef
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s
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d
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y
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t
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rm
fu
l,
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li
ke
ly
th
at
th
e
sa
fe
le
ve
l
fo
r
me
th
yl
me
rc
ur
y
in
th
e
di
et
of
bi
rd
s
is
cl
os
e
to 0.5 ug/g.
Th
us
,
if
th
e
co
nc
en
tr
at
io
n
of
to
ta
l
me
rc
ur
y
in
wh
ol
e
fi
sh
do
es
no
t
ex
ce
ed
0.
5
ug
/g
,
fi
sh
—e
at
in
g
bi
rd
s
sh
Ou
ld
be
pr
ot
ec
te
d.
Si
nc
e
no
t
al
l
sp
ec
ie
s
of
fi
sh
ac
cu
mu
la
te
me
rc
ur
y
eq
ua
ll
y,
th
is
pr
ov
id
es
an
ad
di
ti
on
al
ma
rg
in
of
sa
fe
ty
.
Al
so
,
si
nc
e
co
nc
en
tr
at
io
ns
of
0.
5
ug
/g
in
fi
sh
pr
od
uc
e
no
de
le
te
ri
ou
s
ef
fe
ct
s
to
fi
sh
,
th
is
li
mi
ta
ti
on
as
su
re
s
lo
ng
—t
er
m
pr
ot
ec
ti
on
.
Th
er
ef
or
e,
th
e
si
mu
lt
an
eo
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at
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n
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e
pr
op
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ob
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r
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r
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d
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y
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Selenium
RECOMMEND/lTION
It is recommended that the following numerical objective for selenium be
adopted in compliance with Annex 1, paragraph 7(a), and to replace in part, the
existing objective for Mercury and Other Toxic Heavy Metals in Annex 1, paragraph
2(b) of the Water Quality Agreement:
Concentrations of total selenium in an unfiltered water sample should
not exceed l0 micrograms per litre to protect raw water for public water
supplies.
NOTE: The effect of high dietary selenium concentrations on fish—eating birds
and wildlife is unknown. Based on the response of laboratory mammals,
concentrations of selenium approaching 3 ug/g, wet weight, in whole fish should
be regarded with concern.
RATIONALE
Selenium is a common element appearing in the earth's crust at
approximately 7 X 10_5%. It is present largely as heavy metal selenides
(together with sulphide minerals) but also occurs as selenates and selenites.
In soils, excluding seleniferous soils not normally found in the Great Lakes
region, it has been variously reported to be present at levels ranging from
0.1 pg/g to less than 2 pg/g (12). Elevated levels of selenium are found in
some sedimentary rock formations and their derived soils in central areas of
Canada and the United States. There are no known mining activities for
selenium and its production comes mostly as a by—product of copper and lead
refining.
Commercial use of selenium was about 500 metric tons in 1968, mostly in
the elemental form as red crystals or grey powder. It is used in electronics
for rectifiers, photocells, and xerography, in steel and in pigments for paints,
glass, and ceramics (11,24).
Selenium is usually present in water as selenate and selenite; the elemental
form is insoluble but may be carried in suspension. Weathering of rocks and
soil erosion is a major source of selenium in water. On a world basis,
approximately 10,000 metric tons yearly is weathered and carried downstream to
the sea. Of this, 140 tons is in solution but only 16 tons remains dissolved in
the sea. The rest of it goes into sediments (38). The burning of fossil fuels
is another source of soluble selenium.
Analysis of coal and bottom and fly ash
from a single burner has turned up levels of 2 ug/g, 3.4 pg/g and 41.3 ug/g,
respectively (24). Use of fossil fuel puts about 450 tons per year of selenium
(5802) into the atmosphere, about 4.5% of the amount erodednaturally (38).
Disposal of waste containing selenium could be another source, although
levels in effluents seem to be low.
Sewage in California (both raw and treated)
was found to have only 10 to 60 pg/Q of selenium, except for a high value of
280 ug/£ in an industrial area (16).
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with ferric hydroxide (41). Selenium concentrations in the Great Lakes are
below 1 ug/R offshore and mean concentrations are 0.2 ug/l or less.
Lake sediments seem to act as reservoirs or sinks; in the northern United
States they contained from 1.0 to 3.5 pg/g dry weight of selenium, considerably
more than the usual concentration in soils (45). Small experimental ecosystem
experiments showed that of the total amount of selenium in rain which fell on
soil, 75% stayed in soil and 25% ran off into an aquatic system. Thirty—six
percent of the selenium entering the aquatic system ended in the sediments while
most of the rest was in the biota (19).
Deficiency of selenium in the soil and in grass eaten by livestock, leads to
"white muscle disease". Dietary needs of livestock are in the vicinity of 0.1 to
0.2 mg/day (28) whereas the daily selenium requirement of humans has not been
accurately determined. It would appear to be in the range of 0.1 to 0.2 mg/day
(23), an amount normally found in an adequate diet (28).
Selenium poisoning of livestock has been divided into two classes: the
acute type termed blind staggers and the chronic, called alkali disease. Acute
poisoning is associated with ingestion of highly seleniferous plants containing
1,000 ug/g or more of selenium, while the chronic type is associated with grains
and plants which contain 5 to 20 ug/g of selenium (27). The extensive literature
on natural poisoning of livestock from selenium in their food plants agrees, in
general, that 5 ug/g or more can cause death in the herbivore, and that such levels
in plants result from soil concentrations in the range 0.5 to 6 ug/g (25,28,42).
Also, a diet containing 3 ug/g of selenium in selenite form, in a lifetime study
killed rats (37). The usual chronic effects in mammals may include weakness,
visual impairment, paralysis, damage to heart, liver and viscera, stiff joints,
and loss of hair and hooves. Additional symptoms in humans are marked pallor
red tainting of fingers, teeth and hair, dental caries, debility, depression and
irritation of nose and throat. Acute toxicity in humans maybe characterized by
nervousness, vomiting, cough, dyspnea, convulsions, abdominal pain, diarrhea
hypotension and respiratory failure (28,38). No recognized cases of non—industrial
chronic selenium poisoning in man have been reported (35),
The carcinogenic potential of selenium has been widely investigated (38).
Recent critical evaluations made of these early studies concluded that insufficient
high quality data exist to assess the carcinogenicity of selenium compounds (34,
46). No suggestion that selenium is carcinogenic in man can be found in the
available data (46).
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 Antagonism between toxicity of selenium and other metals has been pointed
out. Levander (23) reviewed the action of arsenic in counteracting selenium
toxicity and several cases in which cadmium poisoning is decreased by selenium
were listed in Pakkala at al. (33) and "The Selenium Paradox" (40). The action
against mercury toxicity was mentioned by Koeman et a1. (20). There are other
aspects such as the interrelationship with vitamin E and possible teratogenic
effects (40).
Toxicity due to selenium in drinking water is not common, probably because
concentrations in water are generally low, and cases of toxicity to livestock
are usually related to intake with food. However, a level of 9,000 ug/l in well
water resulted in human poisoning in three months (5).
"Water Quality Criteria 1972” (28) suggests a limit of 10 ug/Q of total
selenium in drinking water assuming that two litres of water are ingested per
person per day. This recommendation is also accepted by the World Health
Organization, the United States, Canada and the U.S.S.R., although some European
countries such as France use a 50 ug/Q limit.
The National Academy of Sciences and National Academy of Engineering
recommended an upper limit of 50 ug/Z for selenium in water given to livestock
(28). This figure is also used by the Ontario Ministry of the Environment (32).
Bowen (6) described selenium as moderately toxic to plants (toxic effects
at concentrations between 1 and 100 mg/2 in the nutrient solution). Apparently
this applies to freshwater algae as well. The concentrations of selenite
causing 95% growth inhibition of Anabaena variabilis and Anacystis nidulans
were 20 and 70 mg/l, respectively (22). Selenate produced the same results with
these species at 30 and 50 mg/2, respectively. Kumar (21) showed that growth
of Anacystis niduZans, a blue—green alga, was also completely inhibited by 20
mg/l of selenate. However, a culture of this alga at increasing concentrations
of selenate over several generations, produced a tolerant strain that could grow
in 250 mg/2 of selenate. Scenedesmus sp. however, was more sensitive since
2.5 mg/R was lethal (7).
Little information is available on the toxicity of selenium to invertebrates,
but Daphnia sp. is as sensitive as Scenedesmus sp. with a lethal threshold of
2.5 mg/Q (7).
Niimi and LaHam (29,30) published the most comprehensive studies to date on
toxicity of selenium to fish. Acute studies (29) indicated that lethality of
selenium to zebrafish larvae (Brachydanio Perio) varied with the selenium salt
used.
The 96-hour and 10-day LC50's (Table 7) indicated that selenate salts
are less toxic than selenite salts.
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Table 7
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UT
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(29
)
96—hr. LC50 10—day LCSQ
(mg/2) (mg/w
selenium dioxide 20 5
sodium selenite 23 4
potassium selenite 15 = 2
sodium selenate 82 4O
potassium selenate 81 50
These salts are the most common forms normally occurring in freshwaters.
The selenides, selenomethionine and selenocystine, were also shown to be toxic.
Selenocystine was about as toxic as the selenates and selenomethionine was
more toxic. Reliable LCSO's for selenides could not be calculated, however,
due to a loss of compounds from the solution perhaps because of biological
action. This action was also a problem in early experiments with inorganic
compounds. It was noticed that bacterial slimes in test containers could
produce a highly toxic, unidentified organic selenium compound. Daily cleaning
alleviated the problem but it suggested that hazardous transformations of inor—
ganic to organic selenium compounds might occur in aquatic systems.
Studies on the toxicity of selenium dioxide to zebrafish embryos showed
that they were quite resistant and concentrations up to 10 mg/l had no effect
on hatching (30). This was due probably to the extreme low permeability of
the egg membrane. Larvae, by comparison, were quite sensitive and high
mortality was observed at concentrations as low as 3 mg/R after 10 days. No
effect was observed at l mg/£.
The acute toxicity of selenium to goldfish is similar to that of zebrafish.
In very soft water, the 5-day LCSO of sodium selenite for goldfish was 10 mg/l
(15). Ellis at al. (15) showed that 2 mg/Q of the same salt killed
goldfish in 1,846 days. Weir and Hine (44) found a 7—day LC50 for goldfish of
12 mg/l in water of 50 mg/2 CaCO3. Using a conditioned avoidance response as
an index, Weir and Hine (44) also discovered that 0.25 mg/Q could significantly
affect learning behaviour as compared to controls. A concentration of 0.15 mg/Q
had no meaningful effect.
Selenium dioxide was also lethal to six species of fish in 4 days to 2 weeks,
at concentrations between 2 and 20 mg/2 (8).
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 Concentrations of selenium in fish tissues vary from 0.16 to about
0.6 ug/g, wet weight, in a wide range of locations in fresh and ocean water.
This is true for Canadian dressed fish from industrial and isolated locations
(0.17 to 0.38 ug/g) (43); for a large series of freshwater fish from New York
(0.2 to 0.5 ug/g) (33); for ocean and freshwater fish in Finland (0.2 to 0.58
ug/g) (36); seafoods (about 0.32 to 0.56 ug/g) (26); the edible portion of trout
(about 0.28 to 0.68 ug/g) (l); and for samples of marine food fish obtained in
Ontario markets (0.16 to 0.4 ug/g) (2). In a very large series of fish from
central Canada, concentrations in muscle samples averaged about 0.26 ug/g, and
most of the fish fell in the range mentioned above (4). However, the total range
was wider. In the Great Lakes, concentrations of selenium in fish from the North
Channel of Lake Huron, Georgian Bay, Lake Erie and Lake Ontario ranged from 0.56 to
2.0 , 0.42 to 1.15, 0.10 to 0.75 and 0.06 to 0.96 ug/g, respectively.
Fish mortality in a Colorado reservoir reported by Barnhart (3) was caused
by selenium from bottom deposits which had passed through the food chain to
accumulated levels of 300 ug/g. This is the single known case. In a less
contaminated aquatic ecosystem, animals were shown to have higher residues
than plants, but there was no pattern of continuing accumulation. Also,
fish from pond culture where the artificial food was low in selenium, contained
less selenium than those from a natural system (36). In an experimental system,
Sandholm at al. (36) also found that Scanedesmus dimorphus could actively
concentrate selenomethionine but showed no active or passive uptake of inorganic
selenium. Daphnia puZex, however, could absorb selenium from selenite. Fish
(Puntius aruZius) absorbed selenium principally from food and showed little
uptake from inorganic and organic forms in water. Copeland (13) reported that
concentrations of selenium from Lake Michigan zooplankton were highest downwind
of industrialized areas, although this was not reflected in the sediments where
concentrations were uniformly less than 0.5 ug/g. Concentrations in zooplankton
however, increased from 1 ug/g in uncontaminated areas to 7 ug/g in contaminated
waters. Elimination of selenium by fish has not been studied but there appears
to be no correlation between selenium concentration and size, sex or age of fish
(33). Therefore, selenium may be excreted in a fashion similar to that in
humans. A normal human intake of 0.06 to 0.15 mg/day is balanced by an output
of 0.03 mg in faeces, 0.05 mg in urine, and 0.08 mg in sweat, air and hair (39).
The discovery that livers of some seals contain from 46 to 134 ug/g selenium
may be a serious cause for concern (20). These values are much higher than
those of 0.5 to 1.3 ug/g found in the livers of land animals. Also, a single
sample of tissue from a northern Canadian beluga whale showed a high level of
14.3 ug/g selenium. The topic is not well understood yet, however Koeman at aZ.(20)
considered that the high selenium might protect against high mercury residues.
 
Nevertheless, the possibility exists that fish-eating birds and mammals
may be Subject to a dangerous accumulation of selenium. The difference between
Optimal and toxic intake levels in the food is comparatively narrow (25 to 40
times)(18).
The fish mortality in Colorado indicates that accumulation can
take place.
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RECOMMENDATION
It
is
re
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de
d
tha
t
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fo
ll
ow
in
g
nu
me
ri
ca
l
ob
je
ct
iv
e
for
zin
c
be
ad
op
te
d
in
co
mp
li
an
ce
wi
th
An
ne
x
1,
pa
ra
gr
ap
h
7(a
),
and
to
re
pl
ac
e,
in
par
t,
the
ex
is
ti
ng
in
te
ri
m
ob
je
ct
iv
e
for
Me
rc
ur
y
an
d
Ot
he
r
To
xi
c
He
av
y
Me
ta
ls
in
An
ne
x
1,
pa
ra
gr
ap
h
2(b) of the Water Quality Agreement:
Con
cen
tra
tio
ns
of
tot
al
zin
c
in
an
unf
ilt
ere
d w
ate
r
sam
ple
sho
uld
not
exc
eed
30
mic
rog
ram
s
per
lit
re
to
pro
tec
t
aqu
ati
c
lif
e.
RATIONALE
Zin
c
in
var
iou
s
for
ms
is
use
d
in
met
all
urg
y,
met
al
fab
ric
ati
on,
met
al
coa
tin
gs,
bat
ter
ies
,
pai
nt
and
var
nis
h,
ind
ust
ria
l c
hem
ica
ls,
rub
ber
,
soa
ps,
med
ici
nes
and
pul
p a
nd
pap
er
pro
duc
tio
n.
In
1968
, o
ver
1,3
56
mil
lio
n p
oun
ds
was
use
d f
or
the
se
pur
pos
es
in
the
Gre
at
Lak
es
bas
in
(10
).
Zin
c m
ay
ent
er
the
Gre
at
Lak
es
as
a r
esu
lt
of
the
se
use
s o
r f
rom
min
ing
and
sme
lti
ng
of
zin
c o
re,
cor
ros
ion
of
met
all
ic
zin
c a
nd
fal
lou
t f
rom
atm
osp
her
ic
con
tam
ina
tio
n
res
ult
ing
fro
m t
he
bur
nin
g o
f z
inc
—co
nta
ini
ng
fos
sil
fue
ls.
Zin
c i
s q
uit
e s
olu
ble
in
wat
er
and
wea
the
rin
g o
f r
ock
s c
ont
ain
ing
zinc
cont
ribu
tes
solu
ble
form
s to
wate
r (1
0).
Offs
hore
in t
he G
reat
Lake
s, m
odal
conc
entr
atio
ns o
f zi
nc a
re l
ess
than
10 u
g/R,
and
95%
of s
ampl
es c
onta
in l
ess
than
40 u
g/l
(Tab
le 4
, p.
45).
Howe
ver,
the
mean
zinc
conc
entr
atio
ns r
ange
from
1.8
to 2
8.2
ug/l
.
At w
ater
inta
kes,
the
mean
zinc
conc
entr
atio
ns a
re g
ener
ally
less than 45 ug/Q except in Lake Erie at Buffalo, where the mean is 178 ug/l.
The consistently high values here suggest local zinc outputs near the water
intake. As noted in Table 5,p.46, high concentrations have also been observed at
the St. Marys River (the Outlet of Lake Superior), at Buffalo (Lake Erie)
and at Massena (outlet of Lake Ontario). Because zinc use is so widespread,
sample contamination may be a problem.
An essential element for both plants and animals, zinc is a constituent
of many metalloenzymes and several proteins of unknown function (5). Zinc is
necessary for reproduction, growth, formation of DNA and RNA, formation of the
eye, and prevention of a fatal skin disease of pigs. It also promotes wound
healing and prevents symptoms of poor blood supply in the legs resulting from
hardening of the arteries (16).
Zinc toxicity to land plants is rare and is usually observed on soils
enriched with zinc as a result of mining operations (5). Zinc is relatively non—
toxic to man, although when zinc metal is heated, zinc oxide fumes may be
produced that can cause "brass chills"or "brass founders ague". Direct doses of
soluble zinc salts can cause nausea and vomiting (10). However, no harmful
effects on humans have been reported from prolonged consumption of water
containing up to 40,000 ug/l zinc (14). Consequently, the United States drinking
water recommendation is based on taste and has been set at 5,000 ug/Q (14). The
maximum permissible limit in drinking water in Canada is also 5,000 ug/R but
the objective is less than 1,000 ug/R (8).
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 Concentrations of zinc inhibiting growth of freshwater algae generally range
between 1,000 and 10,000 ug/R (22). However, growth inhibition of more
sensitive species such as Oedogonium sp., CZadophora glomerata and
Selenastrum capricornutum has occurred at 220, 240 and 700 pg/R, respectively
(2,21).
Aquatic invertebrates are more sensitive to zinc than algae. Daphnia
magna exposed to zinc for three weeks exhibited 50% mortality at 158 ug/R and
50% and 16% inhibition of reproduction at 102 pg/R and 70 ug/l, respectively
(4). Water hardness and alkalinity were 45.3 and 43.3 mg/R, respectively. In
Lake Erie water, with a hardness and alkalinity of 123 and 91 mg/2, respectively,
the 64—hour EC50 for immobilization of Daphnia magna was less than 150 ug/Q (1).
Fish are more sensitive to zinc than other aquatic organisms. Sublethal
exposures of zinc for fathead minnows in Lake Superior water (hardness 45 mg/2,
alkalinity, 42 mg/2) caused reduced egg production during spawning at 180 ug/R.
No effect was observed at 30 ug/R (7). In similar water, flagfish (JordaneZZa
floridaa) were more sensitive than fathead minnows. Eighty percent mortality
of flagfish larvae occurred at 85 pg/l zinc and only 10% at 51 pg/R. However,
when the larvae had been pre—exposed as embryos to the test concentrations of
zinc, they were more tolerant of the zinc. Complete mortality occurred at 267 ug/ﬁ,
20 to 30% occurred at 139 ug/i and 0 to 20% occurred at 75 ug/ﬂ or less (18).
Rainbow trout fry also died at low concentrations. In water of 26 mg/2 hardness
and 25 mg/2 alkalinity, unacclimated trout had a 120—hr LC50 of 135 pg/Z, while
those pre—exposed as eggs had an LCSO greater than 526 ug/Q. Based on lingering
mortality of pre—exposed trout, the safe—unsafe concentrations were 135 to 251
ug/Q (11). Reproduction of bluegills was also affected by zinc. Decreased
spawning and complete mortality of fry occurred at 235 pg/R, while no effect
was seen at 76 pg/l. Hardness and alkalinity were 51 and 41 mg/2, respectively (17).
Avoidance of zinc may prevent reproduction of Atlantic salmon. In the
laboratory, juvenile salmon avoided 54 ug/R zinc, while in the field, with
19 ug/R copper in the water, migration of adults was prevented by about 240 ug/2
zinc (19). The higher effective concentration of zinc could be due to the age
of the fish or to the interaction between zinc and copper or some other constituent
of natural waters. Growth of Phoxinus phoxinus in water with 63 mg/2 alkalinity
was reduced at 130 pg/Q zinc but not at 50 ug/R (3).
Sublethal toxicity to zinc may be enhanced when combined with copper and
cadmium. At a hardness of 207 mg/2, alkalinity of 154 mg/l, copper of 6.7 ug/z,
and cadmium of 7.1 ug/Q, 42.3 ug/l of zinc was associated with reduced spawning
of fathead minnows. When copper, cadmium and zinc were 5.3, 3.9 and 27.3 pg/Q,
respectively, reproduction was unaffected (9). Therefore, a safe concentration
of zinc for fathead minnOWS was 30 pg/Z in soft water (7) and 27.3 ug/R in hard
water in the presence of added copper and cadmium (9).
However, in Eaton's
study (9), it could not be stated that the observed effects were solely due to zinc.
Nevertheless,
concentrations of zinc causing sublethal harm to aquatic biota do
not appear to vary significantly with hardness or alkalinity.
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oc
es
si
ng
of
ne
w
ma
te
ri
al
s
fr
om
th
e
ea
rt
h'
s
cr
us
t.
Th
es
e
in
du
st
ri
al
so
ur
ce
s
in
cl
ud
e
ma
nu
fa
ct
ur
e
of
al
um
in
um
,
st
ee
l,
br
ic
k
an
d
ti
le
pr
od
uc
ts
,
ph
os
ph
or
us
fe
rt
il
iz
er
an
d
co
al
fi
re
d
el
ec
tr
ic
po
we
r
ge
ne
ra
ti
on
.
Fl
uo
ri
de
is
al
so
us
ed
as
a
pe
st
ic
id
e
an
d
fo
r
ma
ny
ot
he
r
co
mm
er
ci
al
pu
rp
os
es
.
It
ha
s
be
en
es
ti
ma
te
d
th
at
ap
pr
ox
im
at
el
y
12
0,
00
0
to
ns
of
fl
uo
ri
de
we
re
em
it
te
d
to
th
e
at
mo
sp
he
re
in
th
e
Un
it
ed
St
at
es
in
19
68
fr
om
in
du
st
ri
al
op
er
at
io
ns
.
A
la
rg
e
po
rt
io
n
of
th
es
e
pa
rt
ic
ul
at
es
an
d
ga
se
s
ar
e
re
mo
ve
d
fr
om
mo
de
rn
pl
an
ts
pr
ac
ti
si
ng
go
od
em
is
si
on
co
nt
ro
l
by
th
e
us
e
of
fi
lt
er
s,
el
ec
tr
os
ta
ti
c
pr
ec
ip
it
at
or
s
an
d
va
ri
ou
s
we
t—
scrubbing systems (28).
Gr
ot
h
(13
)
es
ti
ma
te
d
tha
t
the
ph
os
ph
at
e
an
d
al
um
in
um
in
du
st
ri
es
di
sc
ha
rg
e
be
tw
ee
n
10
,0
00
to
35
,0
00
to
ns
of
fl
uo
ri
de
int
o
Un
it
ed
St
at
es
su
rf
ac
e
wa
te
rs
an
nu
al
ly
.
He
al
so
es
ti
ma
te
d
tha
t
fl
uo
ri
da
ti
on
of
mu
ni
ci
pa
l
wa
te
r
su
pp
li
es
ad
ds
another 20,000 tons each year.
Fluoride in Water
In
gen
era
l,
mos
t f
luo
rid
e s
alt
s f
orm
ed
wit
h m
ono
val
ent
cat
ion
s a
re
wat
er
sol
ubl
e
(e.
g.,
NaF
,
AgF
and
KP)
but
tho
se
for
med
wit
h
div
ale
nt
cat
ion
s
are
usu
all
y q
uit
e i
nso
lub
le
(e.
g.,
CaF
Z a
nd
Png
)
(37
).
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 Natural or "background" fluoride levels in most freshwater streams are
less than 0.2 mg/Q (13,30). Concentrations of 13 mg/l are present in the Firehole
and Madison rivers in Yellowstone National Park and in Pyramid and Walker lakes
in Nevada (38). Many East African lakes contain more than 1,000 mg/R, the
highest natural concentrations found anywhere (20). A 1970 "background" water
quality survey of 23 streams in the urbanized southeast portion of Michigan's
lower peninsula compared to 32 streams in the upper peninsula showed mean
fluoride concentrations of 0.40 and 0.18 mg/Z, respectively (23).
Fluoride concentrations in the Upper Great Lakes are below those
predicted by the equilibrium constants of Kramer (21). These were based on
the calcium—carbonate—phosphate—fluoride system which is believed to regulate
the concentrations of fluoride in inland lakes. This regulating system was
postulated as the explanation for the observation of uniform concentrations of
fluoride (0.46 mg/R) at different depths and even in the interstitial water of
14 foot deep core samples from a meromictic lake (5). Comparison of Kramer's
predicted fluoride levels for the Great Lakes with concentrations actually
observed are given in Table 8:
Table 8
PREDICTED AND OBSERVED FLUORIDE LEVELS
  
(in mg/ﬂ)
Average fluoride concentrations
Lake Predicted Levels 1961 to 1963(21)* 1968(46) 1971(6)
Lake Superior 0.23 0.15 0.032 0.05
Lake Michigan 0.18 0.1 0.1 ——
Lake Huron 0.43 —— 0.074 0.08
Lake
Erie
0.4
0.1
0.11
0
0.12
Lak
e O
nta
rio
0.35
0.2
0.11
6
0.14
*
Nu
mb
er
s
in
pa
re
nt
he
se
s
re
fe
r
to
re
fe
re
nc
es
Flu
ori
de
con
cen
tra
tio
ns
inc
rea
se
wit
h h
igh
riv
er
flo
ws
(3)
, b
elo
w m
uni
cip
al
was
tew
ate
r d
isc
har
ges
(2)
, a
nd
in
the
Vic
ini
ty
of
pho
sph
ate
—mi
nin
g o
per
ati
ons
(25
).
Flu
ori
de
is
con
sid
ere
d
to
be
of
the
mai
n
lig
and
s
res
pon
sib
le
for
kee
pin
g
ber
yll
ium
,
alu
min
um,
sca
ndi
um,
nio
biu
m,
tan
tal
um,
iro
n
and
tin
in
sol
uti
on
in
natural waters (33).
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D
r
i
n
k
i
n
g
W
a
t
e
r
S
u
p
p
l
i
e
s
F
l
u
o
r
i
d
e
i
n
d
r
i
n
k
i
n
g
w
a
t
e
r
g
e
n
e
r
a
l
l
y
h
a
s
t
h
e
s
a
m
e
e
f
f
e
c
t
i
n
d
o
m
e
s
t
i
c
a
n
i
m
a
l
s
a
s
m
a
n
.
W
h
i
l
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
l
e
s
s
t
h
a
n
2
m
g
/
l
u
s
u
a
l
l
y
h
a
v
e
n
o
e
f
f
e
c
t
,
h
i
g
h
e
r
l
e
v
e
l
s
c
a
n
c
a
u
s
e
m
o
t
t
l
i
n
g
o
f
t
e
e
t
h
a
n
d
s
k
e
l
e
t
a
l
f
l
u
o
r
o
s
i
s
.
S
i
n
c
e
f
o
o
d
i
s
t
h
e
m
a
j
o
r
s
o
u
r
c
e
o
f
f
l
u
o
r
i
d
e
i
n
t
a
k
e
b
y
d
o
m
e
s
t
i
c
a
n
i
m
a
l
s
,
i
t
h
a
s
b
e
e
n
s
u
g
g
e
s
t
e
d
t
h
a
t
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
f
o
r
a
g
e
a
v
e
r
a
g
i
n
g
4
0
u
g
/
g
o
r
l
e
s
s
w
i
l
l
n
o
t
c
a
u
s
e
s
i
g
n
i
f
i
c
a
n
t
f
l
u
o
r
o
s
i
s
(2
8)
.
F
o
u
r
to
5
m
g
/
2
of
f
l
u
o
r
i
d
e
in
d
r
i
n
k
i
n
g
w
a
t
e
r
r
e
s
u
l
t
e
d
i
n
o
b
s
e
r
v
a
b
l
e
e
f
f
e
c
t
s
in
c
a
t
t
l
e
in
t
h
e
f
o
r
m
of
d
e
n
t
a
l
l
e
s
i
o
n
s
,
m
o
t
t
l
i
n
g
,
s
t
a
i
n
i
n
g
a
n
d
a
b
n
o
r
m
a
l
w
e
a
r
i
n
g
o
f
t
h
e
t
e
e
t
h
.
T
h
o
r
o
u
g
h
e
x
a
m
i
n
a
t
i
o
n
,
h
o
w
e
v
e
r
,
e
s
t
a
b
l
i
s
h
e
d
t
h
a
t
t
h
e
s
e
e
f
f
e
c
t
s
w
e
r
e
i
n
s
i
g
n
i
f
i
c
a
n
t
i
n
t
h
e
h
e
a
l
t
h
,
v
i
t
a
l
i
t
y
,
r
e
p
r
o
d
u
c
t
i
o
n
or
m
i
l
k
p
r
o
d
u
c
t
i
o
n
of
th
e
a
n
i
m
a
l
s
(2
9)
.
E
v
e
n
w
h
e
n
c
a
t
t
l
e
r
e
c
e
i
v
e
l
a
r
g
e
a
m
o
u
n
t
s
of
f
l
u
o
r
i
d
e
it
is
n
o
t
p
a
s
s
e
d
a
l
o
n
g
th
e
f
o
o
d
c
h
a
i
n
to
ma
n.
I
n
s
t
e
a
d
t
h
e
a
c
c
u
m
u
l
a
t
e
d
b
o
d
y
b
u
r
d
e
n
is
a
l
m
o
s
t
e
n
t
i
r
e
l
y
in
t
h
e
i
r
b
o
n
e
s
(2
7)
.
"
W
a
t
e
r
Q
u
a
l
i
t
y
C
r
i
t
e
r
i
a
1
9
7
2
"
r
e
c
o
m
m
e
n
d
e
d
an
u
p
p
e
r
l
i
m
i
t
fo
r
f
l
u
o
r
i
d
e
in
l
i
v
e
s
t
o
c
k
dr
in
ki
ng
wa
te
r
of
2
mg
/Q
to
pr
ev
en
t
ex
ce
ss
iv
e
te
et
h
m
o
t
t
l
i
n
g
(2
6)
.
Up
to
1.
0
mg
/l
of
fl
uo
ri
de
is
of
te
n
ad
de
d
to
do
me
st
ic
wa
te
r
su
pp
li
es
to
pr
ev
en
t
de
nt
al
ca
ri
es
.
Le
ss
th
an
ab
ou
t
1
mg
/Q
wi
ll
se
ld
om
ca
us
e
mo
tt
li
ng
of
te
et
h
ev
en
in
th
e
mo
st
su
sc
ep
ti
bl
e
ch
il
dr
en
.
Le
ve
ls
su
ff
ic
ie
nt
to
ca
us
e
ot
he
r
he
al
th
pr
ob
le
ms
co
ul
d
on
ly
be
ac
cu
mu
la
te
d
th
ro
ug
h
a
la
rg
e
in
ta
ke
of
dr
in
ki
ng
water.
Th
e
Wo
rl
d
He
al
th
Or
ga
ni
za
ti
on
's
Eu
ro
pe
an
dr
in
ki
ng
wa
te
r
st
an
da
rd
s
(4
8)
re
co
mm
en
d
an
up
pe
r
fl
uo
ri
de
dr
in
ki
ng
wa
te
r
li
mi
t
of
1.
5
mg
/Q
.
Th
e
Un
it
ed
St
at
es
Pu
bl
ic
He
al
th
Se
rv
ic
e
(A
l)
an
d
th
e
Pr
ov
in
ce
of
On
ta
ri
o
(3
2)
sp
ec
if
y
a
st
an
da
rd
of
1.
3
mg
/l
fo
r
dr
in
ki
ng
wa
te
r
fo
r
th
e
Gr
ea
t
La
ke
s
Ba
si
n.
Th
e
Ca
na
di
an
dr
in
ki
ng
wa
te
r
st
an
da
rd
s
(7
)
sp
ec
if
y
a
fl
uo
ri
de
co
nc
en
tr
at
io
n
of
1.
2
mg
/R
.
Effects on Vegetation
Al
l
ve
ge
ta
ti
on
co
nt
ai
ns
so
me
fl
uo
ri
de
du
e
to
up
ta
ke
fr
om
so
il
an
d
wa
te
r
ra
ng
in
g
no
rm
al
ly
fr
om
2
to
20
ug
/g
(d
ry
we
ig
ht
).
Pl
an
ts
al
so
ab
so
rb
so
lu
bl
e
fl
uo
ri
de
sa
lt
s
th
ro
ug
h
th
ei
r
le
av
es
.
In
fo
rm
at
io
n
on
th
e
am
ou
nt
of
fl
uo
ri
de
in
pl
an
t
ti
ss
ue
de
ri
ve
d
fr
om
ir
ri
ga
ti
on
wa
te
r
is
li
mi
te
d.
On
e
in
ve
st
ig
at
io
n
sh
ow
ed
th
at
ir
ri
ga
ti
on
wa
te
r
co
nt
ai
ni
ng
6.
2
mg
/R
of
fl
uo
ri
de
in
cr
ea
se
d
th
e
fl
uo
ri
de
co
nt
en
t
of
fo
ra
ge
cr
op
s
fr
om
11
ug
/g
to
15
to
25
ug
/g
(34
).
A
Un
it
ed
St
at
es
gr
ou
p
of
exp
ert
s
rec
omm
end
ed
a m
axi
mum
of
1.0
mg/
l
for
con
tin
uOu
s
use
in
irr
iga
tio
n w
ate
r
for
all
gen
era
l s
oil
app
lic
ati
ons
and
15
mg/
Q f
or
use
ove
r a
20—
yea
r p
eri
od
on
neutral and alkaline fine textured soils (26).
App
are
ntl
y n
o p
lan
t i
nju
ry
occ
urs
fro
m i
rri
gat
ion
wat
er
con
tai
nin
g 1
0 t
o 1
5 m
g/2
flu
ori
de
(4,2
2).
No
red
uct
ion
in
car
bon
dio
xid
e u
pta
ke
occ
urr
ed
in
ter
res
tri
al
mos
ses
inc
uba
ted
in
aqu
eou
s s
olu
tio
ns
con
tai
nin
g 8
20
mg/
l f
luo
rid
e f
or
24
hou
rs.
Uptak
e was
effec
tivel
y sto
pped
by 8,
200 m
g/Q a
fter
24 ho
urs
(18).
Ingli
s and
Hill
(18)
con
clu
ded
that
flu
ori
de
was
rel
ati
vel
y n
on—
tox
ic
to
mos
ses
.
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 Danilova (8) found aquatic plants contained higher (40.5 ug/g) concentrations
of fluoride than terrestrial plants with 33.8 ug/g. However, no bioaccumulation
was observed in either Uiadaphora or diatoms experimentally exposed for 72 days
to fluoride concentrations of 52 mg/2 (15). In a biossay using the alga
Chloralla pypanoisda, Smith and Woodson observed growth suppression at all levels
between 4.2 to 4,000 mg/Q of fluoride (39). They concluded that this antimetabo—
lite has its greatest effect between 420 and 4,200 mg/Q where 86 and 98% inhibition
occurred after 72 hours. Fluoride concentrations of 4.2 and 42 mg/Q had equal
inhibitory effects of 19% after 72 hours. However, measuring respiration instead
of growth in the same algal species, Sargent and Taylor (36) did not detect inhi—
bition at high levels of fluoride (1,680 mg/Q). They did find that copper sulfate
and fluoride acted more than additively in inhibiting respiration.
Kilman and Hecky (20) observed that the sedge Cyperus papyrus was absent
in African lakes containing 5.4 and 6.6 mg/Q of fluoride, butwas abundant in
lakes with 0.95 mg/Q of fluoride.
Effect on Aquatic Animals
 
In a review of the available literature, Groth (l3) concluded that there was
a compelling case for dealing with fluoride as a pollutant with a great capacity
for ecological harm. As part of his evidence Groth cited the fact that
downstream concentrations of 0.5 to 3 mg/i fluoride can result from both industrial
sources and municipal sewage. Concentrations are highest during summer months
when biological activity is also at its peak. No ecological effects were
correlated with these fluoride levels (2). Groth (13) stated that much additional
research was needed on the effects of fluoride and indicated that adverse effects
on aquatic life may have been masked in the past by farmore severe effects of
untreated sewage, industrial effluents and other major pollutants.
Bacterial species commonly associated with municipal wastewaters were
unaffected by concentrations up to 800 mg/2 fluoride during a 48-hour bioassay.
No c
hang
es
in g
rowt
h or
morp
holo
gy w
ere
obse
rved
in E
sche
rich
ia c
oli,
Pseu
domo
nas
fluo
resc
ens
and
Ente
roco
ccus
spec
ies
grow
n in
nutr
ient
brot
h an
d mi
nera
l me
dia
with
this
conc
entr
atio
n of
fluo
ride
. N
o ch
ange
s in
viab
ilit
y we
re o
bser
ved
in
the
se
spe
cie
s a
fte
r 4
mon
ths
sto
rag
e i
n t
he
flu
ori
de
sol
uti
on
(42)
.
Par
ame
cia
,
Eug
Zen
a a
nd
rot
ife
rs
con
tin
ued
to
live
, r
epr
odu
ce
and
wer
e a
cti
ve
in
flu
ori
de
concentrations of 2 to 1,000 mg/R (45).
Usi
ng
Lak
e
Eri
e w
ate
r
as
the
dil
uen
t
and
flu
ori
de
as
the
tox
ica
nt,
And
ers
on
(1)
fou
nd
a 4
8—h
our
ECS
O o
f 5
04
mg/
R f
or
Dap
hni
a m
agn
a.
The
mea
sur
e o
f a
cut
e
tox
ici
ty
use
d
was
the
48—
hou
r m
edi
an
eff
ect
ive
con
cen
tra
tio
n
(48
—ho
ur
EC5
0)
based on immobilization.
In
di
ge
no
us
po
pu
la
ti
on
s
of
co
pe
po
ds
we
re
fo
un
d
in
Ea
st
Af
ri
ca
n
la
ke
s
co
nt
ai
ni
ng
43
7
mg
/2
fl
uo
ri
de
bu
t
no
t
in
la
ke
s
wi
th
1,
06
4
mg
/Q
(2
0)
.
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Stu
die
s
wit
h m
ari
ne
inv
ert
ebr
ate
s
ind
ica
ted
tha
t o
nly
hig
h
flu
ori
de
con
—
cen
tra
tio
ns
wer
e
tox
ic
to
the
blu
ecr
ab,
Cal
lin
ect
es
sap
idu
s
(gr
eat
er
tha
n
20
mg/2
) (
25),
and
to
oys
ter
(gr
eat
er
than
128
mg/2
) (
24).
How
eve
r,
Hem
ens
and
War
wic
k (
15)
fou
nd
a 3
0%
mor
tal
ity
in
bro
wn
mus
sel
s P
ren
a p
ern
a a
fte
r 5
day
s
exp
osu
re
to
app
rox
ima
tel
y 7
.2
mg/
R,
and
60%
mor
tal
ity
at
41.
6 m
g/Q
.
No
dea
ths
wer
e o
bse
rve
d i
n t
hre
e s
pec
ies
of
est
uar
ine
fis
h a
fte
r 9
6 h
our
s i
n 1
00
mg/
2
flu
ori
de
test
sol
uti
on.
Ste
war
t a
nd
Cor
nic
k (
40)
fou
nd
that
10
days
exp
osu
re
to
5 m
g/R
in
sea
wat
er
did
not
har
m t
he
lob
ste
r H
oma
rus
ame
ric
anu
s a
t 2
°C.
Rel
iab
le
bio
ass
ay
dat
a f
or
fre
shw
ate
r f
ish
are
ver
y l
imi
ted
and
some
res
ear
che
rs
hav
e u
sed
soft
wat
er
as
a d
ilu
ent
.
Sin
ce
cal
ciu
m i
s a
nta
gon
ist
ic
to
flu
ori
de
tox
ici
ty
it
may
not
be
val
id
to
app
ly
bio
ass
ay
dat
a f
rom
low
cal
ciu
m
wate
r (
less
than
3 mg
/Q)
to t
he G
reat
Lake
s wh
ich
cont
ain
from
13 t
o 46
mg/Q
calcium (38,43,47).
Neuhold and Sigler (30) determined a 20—day LCSO for rainbow trout SaZmO
gairdneri of 2.7 to 4.7 mg/f fluoride (95% confidence level) using softened
dilution water (calcium less than 3 mg/Q). They concluded that this is much
lower than would occur in high calcium water. They also subjected rainbow
trout to 30 different combinations of fluoride and calcium concentrations ranging
from 0 to 25 mg/l fluoride and 0 to 25 mg/2 calcium. From these bioassays they
determined the antagonistic relationship between fluoride and calcium and
expressed it in an equation. Applying their equation for calcium/fluoride
antagonism to Lake Superior water with a calcium concentration of 13 mg/2, the
L050 for rainbow trout is 26 mg/2 fluoride:
y = 2.33 + 2.03 X
where y = probits — use 5, which is LC50
x = (Log F — Log Ca + l)
5 = 2.33 + 2.03 (Log F — Log Ca + 1) Ca (ppm) = 13
(Log F = 1.11 + 1) Log 13 = 1.11
5 = 2.33 + 2.03 (Log F — .11)
5 — 2.33 = 2.03 (Log F) -.11 x 2.03
2.67
H
2.03 (Log F) — .22
2.89
2.03 (Log F)
2.89 % 2.03 = Log F
1.42
H
Log F
26.0 F conc. in mg/Q
98
 
  
The relationship between the concentrations of calcium and fluoride ions
and the LC50 of rainbow trout subjected to varying combinations of calcium and
fluoride was determined by plotting the log of the ratio of fluoride to calcium
against the probit of responses to the varying combination of calcium and
fluoride. A straight line relationship from which the LC50 can be determined
was found (Figure 1). The L050 was determined between 1.01 and 4.22 [fluoride] /
[calcium] at the 95 percent confidence level. The sensitivity of the rainbow
trout to the ratio of fluoride to calcium was between 1.71 and 2.35 probits of
response and the log of the fluoride/calcium ratio (Figure l) is expressed by
the formula,
Y = 2.33 + 2.03X
where Y is the response in probits and X is the logarithm of the ratio between
the fluoride concentration and the calcium ion concentration plus one unit
characteristic.
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Figure l. The response of rainbow trout to combinations of
flu
ori
de
and
cal
ciu
m i
n t
he
med
ium
(exp
ress
ed
as
the
rati
o
between fluoride and calcium).
The
LC5
0
Neu
hol
d
and
Sig
ler
det
erm
ine
d
for
rai
nbo
w
tro
ut
egg
s
(23
7
to
381
mg/
2)
was
ver
y
hig
h
com
par
ed
wit
h e
arl
ier
obs
erv
ati
ons
by
Ell
is
et
aZ.
(11
),
in
di
ca
ti
ng
tha
t
1.5
mg
/Q
de
la
ye
d
ha
tc
hi
ng
and
cau
sed
a
po
or
er
hat
ch.
Ne
uh
ol
d
an
d
Si
gl
er
al
so
fo
un
d
th
at
ra
in
bo
w
tr
ou
t
em
br
yo
s
an
d
fr
y
ar
e
mo
re
se
ns
it
iv
e
tha
n
egg
s
to
flu
ori
de.
The
34—
day
L05
0
was
bet
wee
n
61
and
85
mg/
2.
In
bio
ass
ays
of
the
mo
re
to
le
ra
nt
car
p
the
y
fou
nd
an
LC5
0
be
tw
ee
n
71
and
91
(95
%
co
nf
id
en
ce
le
ve
l)
at
te
mp
er
at
ur
es
ra
ng
in
g
be
tw
ee
n
18
an
d
24
°C
.
Th
e
ca
rp
we
re
fr
om
10
to
33 cm in size.
Bi
os
sa
ys
by
He
rb
er
t
an
d
Sh
ur
be
n
(1
6)
us
in
g
ra
in
bo
w
tr
ou
t
sh
ow
ed
a
96
—h
ou
r
LC
SO
of
ab
ou
t
18
mg
/2
in
ve
ry
so
ft
wa
te
r
(h
ar
dn
es
s
12
mg
/l
).
Ho
we
ve
r,
th
e
au
th
or
s
co
nc
lu
de
d
th
at
wa
te
rs
wi
th
a
gr
ea
te
r
ha
rd
ne
ss
si
gn
if
ic
an
tl
y
re
du
ce
d
th
e
to
xi
ci
ty
of
fl
uo
ri
de
.
Th
ey
al
so
st
at
ed
th
at
1.
0
mg
/Q
fl
uo
ri
de
wo
ul
d
ha
ve
on
ly
a
ne
gl
ig
ib
le
to
xi
c
ef
fe
ct
on
a
tr
ou
t
po
pu
la
ti
on
.
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Wallen at al. (44) found the mosquitofish Gambusia affinis survived fluoride
conc
entr
atio
ns o
f 56
0 mg
/l a
nd l
ower
in t
urbi
d wa
ter
with
an a
lkal
init
y of
less
than
100
mg/z
. T
he 9
6—ho
ur L
C50
was
925
mg/2
.
Elli
s (1
0) r
epor
ted
that
gold
fish
Cara
ssiu
s au
ratu
s su
rviv
ed i
n a
conc
entr
atio
n of
100
mg/1
in h
ard
water for four days (termination of experiment).
In a review, Sigler and Neuhold (38) noted that the response of fish to
moderate fluoride concentrations (1.5 to 5 mg/Q) is species dependent and
related to acclimation, environmental variables such as calcium concentrations
and temperature. The healthy growing populations of trout in the Firehole River
in Yellowstone National Park and Pyramid and Walker lakes in Nevada where fluoride
concentrations reach 13 mg/l indicated that resistence to fluoride toxicity
varies in fish. Yet their earlier tests showed that trout raised in low fluoride
concentrations displayed LC5O's of approximately 3 mg/R (30).
Bioaccumulation in Aquatic Animals
Fluoride concentrations in fish range from less than 0.1 to 24 ug/g (27).
Most of the data available deal with marine fish and potential problems with
high fluoride concentrations in fish flour (12). Fish—protein concentrate made
in the United States was found to contain 169 ug/g fluoride (14). Hoskins and
Loustaunau (l7) analyzed fish—protein concentrate made from two marine species
and one freshwater species and found that all were less than the United States
Food and Drug Administration's 100 ug/g limitation and many were less than 25 ug/g.
Bioassays using fluoride concentrations ranging from 0.5 to 128 mg/2
showed accumulations occurred at 2 mg/Q and above in oyster tissues. Minimum
levels in tissue, which were obtained after the first five days of exposure,
were 100 ug/g exposed to solutions of 32 mg/l fluoride while 18 ug/g was found
after the 2 mg/R exposure (24). The blue crab similarly reached a concentration
of 50 ug/g in muscle after 90 days exposure to 20 mg/2 fluoride while the
control (0.1 to 1.5 mg/Q fluoride) contained 10 ug/g (25).
Generally potential problems occur only at high exposures of fluorides or
when the total fish is consumed (including bone) as in fish—protein concentrate.
f In summary, since most of the fluoride toxicity studies on aquatic life
2 have involved either the use of low calcium dilution waters or marine organisms,
‘ it is not practical to set an objective based on the protection of aquatic life.
‘ Therefore, it is recommended that the objective for fluoride be 1.2 mg/Q total
fluoride in an unfiltered water sample to protect raw waters for public water
supplies.
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T
o
t
a
l
D
i
s
s
o
l
v
e
d
S
o
l
i
d
s
It
is
rec
omm
end
ed
tha
t
the
exi
sti
ng
spe
cif
ic
obj
ect
ive
for
Tot
al
Dis
sol
ved
Sol
ids
st
ip
ul
at
ed
in
An
ne
x
l,
pa
ra
gr
ap
h
l(c
)
of
the
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
be
re
ta
in
ed
:
HTot
al D
isso
ly’e
dmﬁo
lids
l i
n La
ke E
rie,
Lake
Onta
rio
and
the
Inte
rnat
iona
l
BEEETBBTBf the St. Lawrence River, the level of total dissolved solids should
not exceed 200 milligrams per litre. in the St. Clair River, Lake St. Clair,
the
Detr
oit
Rive
r an
d th
e Ni
agar
a Ri
ver,
the
leve
l sh
ould
be c
onsi
sten
t wi
th
maintaining the levels of total dissolved solids in Lake Erie and Lake Ontario
and not to exveed 200 milligrams per litre. 1n the remaining boundary waters,
pending further study, the level of total dissolved solids should not exceed
present levels”.
  
The existing objective for Total Dissolved Solids (TDS) which is
reco
mmen
ded
for
rete
ntio
n at
this
time
is b
ased
upon
a ph
ilos
ophy
of n
on—
degradation and does not comply with the Committees' definition of a specific
water quality objective as the level of a substance which will provide for and
protect a designated water use. There is no scientific evidence to demonstrate
that the specified numerical objectives will interfere with any designated water
use.
A review of the scientific literature on the potential effects of TDS on a
variety of water uses indicated that a numerical objective far in excess of
existing TDS levels would result if a defensible objective were to be
established. The Committees were reluctant to pursue such a course as it would
mock the non—degradation philosophy and provide an incorrect perspective to
surveillance programmes.
While existing levels of TDS in the Great Lakes do not directly threaten
any use of the waters, routine monitoring of levels of TDS has traditionally
proven to be valuable to surveillance programmes in assessing trends in water
quality. For this reason, and to comply with the non—degradation provisions
in the Water Quality Agreement, the existing objective is endorsed to encourage
the continued use of TDS as a monitoring tool.
On the basis of a recent report on the relationship of TDS and conductivity
in the Great Lakes, the Great Lakes Water Quality Board's Surveillance Subcommittee
recommended that the existing objective for TDS be replaced by an objective for
conductivity. Using a standard conversion factor of 0.65, the numerical conductivity
objective for the Lower Lakes would be 308 umhos/cm. The Committees had no
Objection to measuring TDS by conductivity methods. It was anticipated that as
the importance of individual components of TDS were identified, measurement of
those individual components would be required.
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The following commentary will provide an overview of the significance
of TDS in the Great Lakes.
COMMENTARY
The
existing
objective
in
the
Water
Quality
Agreement
is
consistent
with
that
suggested
in
Chapter
XII
—
"Remedial
Measures”
of
the
report
on
pollution
of
Lake
Erie,
Lake
Ontario
and
the
International
Section
of
the
St.
Lawrence
River
(5).
The
report
indicated
that
TDS
levels
of
lakes
Erie
and
Ontario
increased
from
approximately
145
mg/l
in
1910
to
185
mg/R
in
I970.
Furthermore,
during
that
time
these
lakes
experienced
a
three
fold
increase
in
chlorides
and
a
two
fold
increase
in
sulfates
as
well
as
sodium
plus
potassium.
The
report
also
stated
that
"the
build—up
of
TDS
is
not
in
itself
at
this
time,
a
serious
problem
but
indicates
large
accumulations
of
materials”.
Dissolved
Solids
and
Aquatic
Life
Hart
at
al.
(4)
indicated
that
among
the
inland
waters
of
the
United
States
supporting
a
good
mixed
fish
fauna,
95%
had
a
dissolved
solids
concentration
of
under
400
mg/2.
The
main
concern
of
TDS
for
aquatic
life
is
the
effect
on
an
o
r
g
a
n
i
s
m
'
s
a
b
i
l
i
t
y
to
r
e
g
u
l
a
t
e
the
i
n
t
a
k
e
and
e
l
i
m
i
n
a
t
i
o
n
of
w
a
t
e
r
w
i
t
h
o
u
t
d
i
l
u
t
i
n
g
or
c
o
n
c
e
n
t
r
a
t
i
n
g
b
o
d
y
fluids.
In
f
r
e
s
h
w
a
t
e
r
fish,
w
a
t
e
r
is
t
a
k
e
n
in
t
h
r
o
u
g
h
the
m
u
c
o
u
s
m
e
m
b
r
a
n
e
s
of
the
g
i
l
l
s
w
h
i
c
h
act
like
a
s
e
m
i
p
e
r
m
e
a
b
l
e
m
e
m
b
r
a
n
e
.
B
o
d
y
f
l
u
i
d
s
of
f
r
e
s
h
w
a
t
e
r
o
r
g
a
n
i
s
m
s
a
r
e
d
i
l
u
t
e
d
as
a
r
e
s
u
l
t
of
o
s
m
o
s
i
s
.
N
e
a
r
l
y
a
l
l
f
r
e
s
h
w
a
t
e
r
a
n
d
t
e
r
r
e
s
t
r
i
a
l
p
l
a
n
t
s
,
b
y
v
i
r
t
u
e
of
t
h
e
i
r
c
e
l
l
u
l
o
s
e
w
a
l
l
s
a
n
d
a
c
t
i
v
e
p
l
a
s
m
a
m
e
m
b
r
a
n
e
s
,
m
a
i
n
t
a
i
n
t
h
e
i
r
c
e
l
l
u
l
a
r
-
f
l
u
i
d
c
o
n
s
t
i
t
u
e
n
t
s
,
p
a
r
t
i
c
u
l
a
r
l
y
t
h
e
i
r
v
a
c
u
o
l
a
r
s
a
p
,
a
t
c
o
n
c
e
n
t
r
a
t
i
o
n
s
h
i
g
h
e
r
t
h
a
n
t
h
o
s
e
o
f
t
h
e
f
l
u
i
d
s
w
h
i
c
h
b
a
t
h
e
t
h
e
i
r
t
i
s
s
u
e
s
(
I
I
)
.
T
h
e
c
e
l
l
s
a
r
e
c
o
n
t
i
n
u
a
l
l
y
m
o
r
e
c
o
n
c
e
n
t
r
a
t
e
d
t
h
a
n
t
h
e
t
i
s
s
u
e
f
l
u
i
d
s
a
n
d
h
e
n
c
e
t
u
r
g
i
d
.
T
h
e
r
a
n
g
e
o
f
e
n
v
i
r
o
n
m
e
n
t
a
l
o
s
m
o
t
i
c
c
o
n
d
i
t
i
o
n
s
t
o
l
e
r
a
t
e
d
b
y
a
n
i
m
a
l
s
i
s
g
r
e
a
t
,
w
h
e
r
e
a
s
t
h
e
t
o
l
e
r
a
t
e
d
r
a
n
g
e
o
f
i
n
t
e
r
n
a
l
o
s
m
o
t
i
c
c
o
n
d
i
t
i
o
n
s
i
s
m
u
c
h
l
e
s
s
.
T
y
p
i
c
a
l
v
a
l
u
e
s
o
f
o
s
m
o
c
o
n
c
e
n
t
r
a
t
i
o
n
s
f
o
r
t
h
e
f
r
e
s
h
w
a
t
e
r
a
q
u
a
t
i
c
e
n
v
i
r
o
n
m
e
n
t
a
n
d
a
n
i
m
a
l
c
e
l
l
s
,
e
x
p
r
e
s
s
e
d
i
n
t
e
r
m
s
o
f
d
e
g
r
e
e
s
C
e
l
s
i
u
s
l
o
w
e
r
i
n
g
o
f
t
h
e
f
r
e
e
z
i
n
g
p
o
i
n
t
o
f
w
a
t
e
r
,
a
r
e
g
i
v
e
n
i
n
T
a
b
l
e
9
(
l
l
)
.
TABLE 9
T
O
T
A
L
D
I
S
S
O
L
V
E
D
S
O
L
I
D
S
:
O
S
M
O
C
O
N
C
E
N
T
R
A
T
I
O
N
S
  
E
n
v
i
r
o
n
m
e
n
t
A
T
°
C
A
n
i
m
a
l
O
T
°
C
F
r
e
s
h
w
a
t
e
r
—
0
.
0
I
M
u
s
s
e
l
—
0
.
0
8
P
e
l
o
m
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x
a
*
—
O
.
l
4
F
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s
h
—
0
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t
o
—
O
.
5
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F
r
o
g
—
0
.
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C
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a
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s
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—
O
.
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2
E
a
r
t
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w
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r
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—
0
.
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t
o
—
0
.
4
*
A
l
a
r
g
e
a
m
o
e
b
o
i
d
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o
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o
a
n
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 The concept of freezing point reduction is used primarily because of its
applicability
in
determining
the molecular weights
of
non-volatile dissolved
substances
in
dilute
solutions
such as
body
fluids.
A water
solution
of
a
monovalent
salt
such as
sodium chloride
at
a concentration
of
0.1 molality
(5800 mg/Q)
would
cause a
freezing point
lowering
of
0.3500-
(For dilUte
solutions
of
an
electrolyte
the
osmotic
concentration
exceeds
the
molal
concen-
tration by a
factor
slightly
less
than
2 for monovalent
salts,
and
slightly less
than
3
for
divalent
salts
based
on
activity
co-efficients).
Table
10
shows
the
equivalent
body
fluid
concentrations,
expressed
as
sodium
chloride,
for
the
freshwater animals listed above.
TABLE 10
TOTAL
DISSOLVED
SOLIDS
AS
NaCl:
BODY
FLUID
Animal
mg/R
Milliosmoles
Mussel
1365
25
Pelomyxa
2388
41
Fish
8530
to 9380
147
to
162
Frog
7680
132
Crayfish
13,990
241
Earthworm
5118
to
6824
88
to 117
According
to
the
report
of
the
National
Technical
Advisory
Committee
on
Water
Quality
(12),
diatoms
are
extremely
sensitive
to
changes
in
chlorides
or
other
dissolved
solids
and
a
TDS
limit
of
50
milliosmoles
for
the
protection
of
aquatic life is recommended.
In
studying
the
toxicity
of brine waters
from oil wells,
Clemens
and
Jones
(2)
found
the
96—hr.
median
toxicity
thresholds
(equivalent
to
a
96—hr.
LCSO)
of
TDS
to
10
varieties
of
fish
to
be
as
listed
in
Table
11.
‘
TABLE 11
TOTAL DISSOLVED SOLIDS: 96-HOUR LC5Q VALUES FOR FISH
Fish TDS—mg/JL
Plains killifish
23,000
Gambusia 15,240
White crappie 12,570
Bluegill
11,330
Green
sunfish
11,330
Median
11,200
Channel
catfish
11,120
Black
bullheads
10,300
Red
Shiner
10,506
Largemouth
bass
9,476
Fathead
minnows
8,858
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In addition, the 96—hn median toxicity threshold of TDS for invertebrates
based on dilution of brine waters, was reported to be as indicated in Table 12 (2):
TABLE 12
TOTAL DISSOLVED SOLIDS: 96—HOUR LC50 VALUES FOR INVERTEBRATES
Organism TDS—mg/Q
Cambarus 17,900
LibeZZuZida 14,800
Coenargrionidae 14,800
Hexagenia 10,500
Tubificidae
10,100
Median 8,950
HyaZeZZa
7,830
Baetidae
1,410
Diaptomus
6,590
Physa
6,400
Daphnia
3,710
A
review
of
the
above
indicated
a
median
value
of
11,200
mg/R
for
fish
and
8,950
mg/K
for
invertebrates.
Since
the
major
salt
was
calcium
chloride,
these
values
are
equivalent
to
101
and
81
milliosmoles,
respectively,
as
calcium
chloride.
These
data,
in
addition
to
those
given
in
Table
10,
tend
to
support
the
general
belief
that
the
toxicity
of
TDS
to
freshwater
aquatic
life
is
that
level
which
has
an
osmoconcentration
equal
to
that
of
the
body
fluids
of
the
organism.
It
should
be
noted,
however,
that
the
osmoconcentrations
of
body
fluids
may
differ
for
various
species,
as
well
as
for
life
cycle,
age,
nutrition,
and
acclimation.
The
fact
that
fathead
minnows
did
not
spawn
successfully
in
waters
with
a
TDS
level
of
2,000
mg/R
as
observed
by
McCarthy
and
Thomas
(8)
in
Nebraska,
tends
to
support
this
concept.
The
value
givenin
Table
12
for
Daphnia
is
equivalent
to
33.4
milliosmoles,
somewhat
lower
than
the
50
milliosmoles
value
recommended
in
the
r
e
p
o
r
t
of
the
N
a
t
i
o
n
a
l
T
e
c
h
n
i
c
a
l
A
d
v
i
s
o
r
y
C
o
m
m
i
t
t
e
e
(12).
In
s
t
u
d
i
e
s
o
n
t
h
e
d
i
s
c
h
a
r
g
e
o
f
w
a
s
t
e
w
a
t
e
r
s
f
r
o
m
a
s
o
d
a
a
s
h
m
a
n
u
f
a
c
t
u
r
e
r
,
t
h
e
b
i
o
a
s
s
a
y
l
a
b
o
r
a
t
o
r
y
o
f
t
h
e
O
h
i
o
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
f
o
u
n
d
t
h
e
9
6
—
h
r
,
L
C
S
O
f
o
r
f
a
t
h
e
a
d
m
i
n
n
o
w
s
w
a
s
a
p
p
r
o
x
i
m
a
t
e
l
y
8
,
8
0
0
m
g
/
Q
,
w
h
e
r
e
a
s
t
h
a
t
f
o
r
D
a
p
h
n
i
a
w
a
s
a
p
p
r
o
x
i
m
a
t
e
l
y
4
,
5
0
0
m
g
/
Q
.
B
a
s
e
d
o
n
c
u
r
r
e
n
t
k
n
o
w
l
e
d
g
e
,
t
h
e
l
a
b
o
r
a
t
o
r
y
r
e
c
o
m
m
e
n
d
e
d
a
s
a
f
e
t
y
f
a
c
t
o
r
o
f
0
.
3
t
o
0
.
5
b
e
a
p
p
l
i
e
d
t
o
d
e
r
i
v
e
a
p
p
r
o
p
r
i
a
t
e
l
e
v
e
l
s
f
o
r
f
u
l
l
l
i
f
e
c
y
c
l
e
p
r
o
t
e
c
t
i
o
n
o
f
w
a
r
m
—
w
a
t
e
r
a
q
u
a
t
i
c
l
i
f
e
i
n
a
n
i
n
l
a
n
d
s
t
r
e
a
m
.
I
n
v
i
e
w
o
f
t
h
e
a
b
o
v
e
a
n
d
t
h
e
r
e
l
a
t
i
v
e
l
y
l
o
w
l
e
v
e
l
s
o
f
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
,
i
t
a
p
p
e
a
r
s
t
h
a
t
t
h
e
r
e
i
s
n
o
s
c
i
e
n
t
i
f
i
c
b
a
s
i
s
f
o
r
e
s
t
a
b
l
i
s
h
i
n
g
a
n
o
b
j
e
c
t
i
v
e
f
o
r
T
D
S
f
o
r
t
h
e
p
r
o
t
e
c
t
i
o
n
o
f
a
e
x
i
s
t
i
n
g
o
r
p
r
o
j
e
c
t
e
d
T
D
S
l
e
v
e
l
s
.
T
h
e
e
x
i
s
t
i
n
g
l
o
w
l
e
v
e
l
o
f
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
l
i
m
i
t
s
t
h
e
i
r
b
u
f
f
e
r
i
n
g
c
a
p
a
c
i
t
y
.
T
o
p
r
e
s
e
r
v
e
t
h
i
s
c
a
p
a
c
i
t
y
t
h
e
r
e
s
h
o
u
l
d
b
e
n
o
s
i
g
n
i
f
i
c
a
n
t
c
h
a
n
g
e
i
n
t
h
e
g
e
n
e
r
a
l
c
h
e
m
i
c
a
l
c
o
m
p
o
s
i
t
i
o
n
o
f
t
h
e
T
D
S
l
e
v
e
l
s
.
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 Historical Trends: Their Value and Implications
Many investigators have measured the level of TDS in the Great Lakes
for nearly 100 years. These measurements included an analysis of the major
cation and anion composition of the TDS. This information has been collated
by Beeton and Chandler (l), Kramer (7) and updated by Weiler and Chawla (13).
Kramer (7) showed that a significant portion of the present TDS levels in each
of the lakes results from the natural chemical equilibria between the water and
the sediments. Lake Superior is considerably lower in dissolved solids and
alkalinity because it lies outside of, or along the edge of a Paleozoic carbonate
belt and its sediments have a lower concentration of carbonates. In contrast,
the other four lakes lie entirely within this belt.
A review of the data presented by Kramer (7) and Weiler and Chawla (l3)
demonstrates that the TDS levels have significantly increased for lakes Erie
and Ontario since 1900, whereas only a moderate increase has taken place for
lakes Michigan and Huron. In contrast, a slight decrease in TDS levels has
occurred in Lake Superior.
Chloride
Chloride ion concentrations in the Lower Lakes have increased from 8 mg/R in 1900
for both lakes to nearly 25 mg/2 for Lake Erie, and about 28 mg/2 for Lake Ontario
in 1970. During the same period there was a minimal increase in the other three lakes,
ranging from zero for Lake Superior to 4 mg/Q for lakes Huron and Michigan.
Based on an average outflow of 196,000 cfs for Lake Erie, a 1 mg/R increase
is equivalent to the addition of 1.06 x 106 lbs. per day. Thus the increase from
8 mg/R to 25 mg/2 represents an addition of 18.1 x 106 lbs. per day or 9050 tons
per day of chlorides as Cl. The daily addition of chlorides to Lake Erie from
human wastes plus an indication of impact of this load on the total load was
estimated for 1970 as follows:
Per capita contribution of C1 = 0.0154 1bs./day (9)
Chloride load 11,000,000 x 0.0154 = 169,400 1bs./day
Per cent of total load 169,400/18,100,000 x 100 = 0.92%
The use of salt for deicing and its impact on Lake Erie has been investigated
by the Federal Water Pollution Control Administration (FWPCA)(6), the Three Rivers
Watershed District (the Cleveland and Akron Area) in 1969—70, the State University
of New York at Buffalo in 1972—73, as well as Owenby and Kee (10).
The FWPCA study indicatedthat in 1966, 3.12 x 106 lbs./day was used each year
for deicing in the Lake Erie basin. During the winter of 1969-70, the Three Rivers
Watershed District estimated 1.05 x 106 lbs./day of salt as chlorides was used
annually in an area of 2.5 million persons. In the Greater Buffalo area which
has a population of nearly 500,000, approximately 15,000 tons of salt as chloride
was used for deicing during the winters of 1971—72 and 1972—73. Thus, the per
capita use of salt for deicing varied from 0.312 to 0.420 lbs./day with a weighted
average of 0.336 lbs./day. Using this weighted average the estimated total chloride
load to Lake Erie is 1.52 x 106 lbs./day on an annual (150 day) average.
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Another significant source of chloride loadings to Lake Erie is an 0hio
manufacturer of soda ash which discharges nearly 2,000 tons/day of chlorides
in approximately equal portions of sodium and calcium chloride. Other
manufacturers of soda ash along the Detroit River plus other discharges con—
tribute nearly 3,450 tons/day (Table 13).
TABLE 13
CHLORIDE LOADINGS TO LAKE ERIE
Source Ions/day Z lotal
Upper Lakes
2120
23.4
Human wastes
9
0.9
Deicing
760
8.4
Industrial
5450
60.2
Others
711
7.8
These
percentages
compare
favorably
with
those
of
Owenby
and
Kee
(10).
Sulfates
Human
wastes
contribute
nearly
2.6
grams
of
sulfates
per
capita
per
day
(3).
Based
on
the
Lake
Erie
drainage
basin
population
of
ll
X
106
persons,
the
total
load
of
sulfates
from
human
wastes
would
amount
to
28.6
x
106
g/day,
28.6
x
103
kg/day
or
62,900
lbs/day.
Such
a
load
would
cause
a
minor
increase
of
0.05
mg/Q
in
the
sulfate
concentration
in
Lake
Erie
compared
with
the
long
term
increase
of
11
mg/2
reported
by
Beeton
and
Chandler
(1).
Therefore
a
significant
portion
of
this
increase
can
be
attributed
to
the
result
of
the
12
mg/Q
increase
observed
by
Beeton
and
Chandler
(l) in Lake Michigan.
In
summary
it
should
be
noted
that
chloride
and
sodium
concentrations
are
i
n
c
r
e
a
s
i
n
g
in
the
G
r
e
a
t
L
a
k
e
s
at
the
e
x
p
e
n
s
e
of
a
l
k
a
l
i
n
i
t
y
and
c
a
l
c
i
u
m
ion
concentrations.
R
e
c
o
g
n
i
z
i
n
g
t
h
a
t
t
h
e
p
r
o
p
o
s
e
d
w
a
t
e
r
q
u
a
l
i
t
y
o
b
j
e
c
t
i
v
e
s
m
a
y
b
e
a
d
o
p
t
e
d
as
s
t
a
n
d
a
r
d
s
b
y
t
h
e
r
e
g
u
l
a
t
o
r
y
j
u
r
i
s
d
i
c
t
i
o
n
s
,
t
h
e
C
o
m
m
i
t
t
e
e
s
r
e
c
o
m
m
e
n
d
e
d
t
h
a
t
t
h
e
o
b
j
e
c
t
i
v
e
f
o
r
T
D
S
n
o
t
b
e
t
r
a
n
s
l
a
t
e
d
i
n
t
o
a
s
t
a
n
d
a
r
d
b
u
t
b
e
r
e
t
a
i
n
e
d
a
s
a
n
o
b
j
e
c
t
i
v
e
f
o
r
u
s
e
a
s
a
m
o
n
i
t
o
r
i
n
g
t
o
o
l
.
T
h
e
C
o
m
m
i
t
t
e
e
s
a
p
p
r
o
a
c
h
e
d
t
h
e
d
e
s
i
g
n
o
f
d
e
f
e
n
s
i
b
l
e
o
b
j
e
c
t
i
v
e
s
f
o
r
T
D
S
i
n
two ways:
i
.
.
§
1
.
I
n
v
e
s
t
i
g
a
t
i
o
n
o
f
t
h
e
i
n
f
l
u
e
n
c
e
o
f
T
D
S
o
n
s
p
e
c
i
e
s
c
o
m
p
o
s
i
t
i
o
n
o
f
j
p
h
y
t
o
p
l
a
n
k
t
o
n
c
o
m
m
u
n
i
t
i
e
s
;
a
n
d
2.
I
n
v
e
s
t
i
g
a
t
i
o
n
o
f
e
f
f
e
c
t
s
o
f
i
n
d
i
v
i
d
u
a
l
c
o
m
p
o
n
e
n
t
s
o
f
T
D
S
s
u
c
h
a
s
s
u
l
f
a
t
e
i
n
e
u
t
r
o
p
h
i
c
a
t
i
o
n
a
n
d
c
h
l
o
r
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d
e
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n
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o
d
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d
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n
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n
g
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a
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e
r
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1
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ﬁ
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s
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‘
m
n
:
(i)
 
(B
)
NO
N’
PE
RS
IS
TE
NT
TO
XI
C
SU
BS
TA
NC
ES
(1) ORGANIC
(a) Pesticides
General Objective
RECOMMENDATION
It
is
re
co
mm
en
de
d
th
at
th
e
fo
ll
ow
in
g
nu
me
ri
ca
l
ob
je
ct
iv
e
fo
r
un
sp
ec
if
ie
d,
no
n-
pe
rs
is
te
nt
pe
st
ic
id
es
be
ad
op
te
d
in
co
mp
li
an
ce
wi
th
An
ne
x
1,
pa
ra
gr
ap
h
7(
a)
of the Water Quality Agreement:
Co
nc
en
tr
at
io
ns
of
un
sp
ec
if
ie
d,
no
n—
pe
rs
is
te
nt
pe
st
ic
id
es
sh
ou
ld
no
t
ex
ce
ed
0.0
5
Of
the
me
di
an
Ze
th
aZ
co
nc
en
tr
at
io
n
in
a
96
—h
ou
r
tes
t
fo
r
any sensitive ZocaZ species.
A p
ers
ist
ent
com
pou
nd
is
def
ine
d i
n t
he
gen
era
l s
ect
ion
on
per
sis
ten
t o
rga
nic
con
tam
ina
nts
as
one
whi
ch
eit
her
a)
by
its
elf
or
as
its
tra
nsf
orm
ati
on
pro
duc
t,
has
a h
alf
—li
fe
for
deg
rad
ati
on
und
er
nat
ura
l e
nvi
ron
men
tal
con
dit
ion
s
of
mor
e t
han
eig
ht
wee
ks,
or
b)
by
its
elf
or
as
its
tra
nsf
orm
ati
on
pro
duc
t,
on
ent
eri
ng
sur
fac
e w
ate
rs
may
bio
con
cen
tra
te
in
the
bio
ta
of
the
rec
eiv
ing
wat
ers
.
Most
of t
he t
oxic
subs
tanc
es d
ealt
with
unde
r th
e ca
tego
ry o
f pe
rsis
tent
orga
nic
cont
amin
ants
were
orga
noch
lori
ne p
esti
cide
s;
howe
ver
ther
e is
a su
bsta
ntia
l nu
mber
of bi
ocide
s, p
artic
ularl
y the
organ
o—pho
sphat
es an
d ca
rbama
tes,
which
do no
t mee
t
this definition but are of concern because of their actual or potential effects on
biota in the Great Lakes region.
Where established standards for raw water supplies are limiting, the
objective for any substance (persistent or not) will be based upon such standards,
but these are generally not the most restrictive use. Rather, it will more
likely be aquatic life which represents the most stringent use and objectives ‘
should be set, therefore, to protect all life stages of the most sensitive 3
species identified. !
In establishing objectives to protect aquatic life from any toxic substance,
the preferred approach is to use data derived from chronic, long—term tests on
at least one generation of a sensitive test organism. Accordingly, the approach
adopted here is to establish objectives for those specific pesticides for which
low level, long—term chronic testing has been conducted. Where scientifically
determined "no—effect" levels are available, these levels shall be recommended
as the Specific numerical objective; however, where such levels have not been
determined, objectives will be established by applying an arbitrary safety
factor of 0.2 to the lowest concentration which produced a subtle
effect
(for example, reduction in reproductive success) on an appropriate test organism.
This
latter
approach
should
produce
a realistic
estimate
of
"safe"
levels,
and
is
consistent
with
the
philosophy
established
earlier
for
the
establishment
of
objectives
for
persistent
substances.
Where
neither
the
"no—effect"
nor
the
estimated
"safe"
levels
have
beendetermined
and
where
there
are
indications
of
potential
and
significant
inputs
to
the
Great
Lakes
basin,
it
is
recommended
that
protection
be
afforded
aquatic
life
through
the
use
of
a
0.05
safety
factor
applied
to
the
96—hour
LC50
for
the
pesticide
for
sensitive
local
species.
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 The
prec
edin
g ap
proa
ch w
ill
sign
ific
antl
y re
stri
ct t
he n
umbe
r of
spec
ific
pes
tic
ide
s r
egu
lat
ed
wit
hin
this
cat
ego
ry
of
sub
sta
nce
s,
sin
ce
the
sci
ent
ifi
c
dat
a b
ase
for
mos
t o
f t
hem
is
too
ina
deq
uat
e t
o p
erm
it
the
est
abl
ish
men
t o
f
def
ens
ibl
e n
ume
ric
al
obj
ect
ive
s.
For
this
reas
on,
the
use
of
the
arb
itr
ary
saf
ety
fac
tor
of
0.05
time
s t
he
96—
hou
r L
C50
is
empl
oyed
.
Obj
ect
ive
s b
ase
d o
n t
his
lat
ter
pro
ced
ure
may
be
ina
deq
uat
e t
o p
rot
ect
aqu
ati
c l
ife
fro
m a
var
iet
y o
f
dele
teri
ous
subl
etha
l ef
fect
s or
conv
erse
ly,
they
may
be u
ndul
y re
stri
ctiv
e.
Suc
h a
pro
ced
ura
l o
bje
cti
ve
is
int
end
ed
only
as
a t
emp
ora
ry
mea
sur
e a
nd
not
as
a su
bsti
tute
for
the
requ
isit
e te
stin
g ne
cess
ary
to e
stab
lish
scie
ntif
ical
ly
defensible objectives.
The
pres
ence
of s
ome
of t
he o
rgan
opho
spho
rus
pest
icid
es h
as b
een
inve
stig
ated
in
the
Upp
er
Gre
at
Lak
es
(1)
but
none
hav
e b
een
obse
rved
.
Whi
le
man
y o
f t
he
comp
ound
s ar
e no
t "p
ersi
sten
t",
they
may
surv
ive
long
enou
gh i
n lo
cali
zed
area
s
to c
ause
dele
teri
ous
effe
cts
eith
er a
t ac
ute
leve
ls o
r th
roug
h ac
cumu
lati
on o
f
bio
log
ica
l e
ffe
cts
.
The
usa
ge/
dis
cha
rge
pat
ter
ns
are
unk
now
n f
or
mos
t o
f t
hes
e
subs
tanc
es a
nd,
to d
ate,
no p
ress
ing
prob
lems
have
been
note
d, a
t le
ast
on a
bas
in—
wid
e b
asis
.
It
is
poss
ible
, h
owev
er,
to
con
cei
ve
of
cha
ngi
ng
pat
ter
ns
suc
h
that localized exposure to these compounds might lead to undesirable levels. Such
expo
sure
coul
d co
me a
bout
thro
ugh
dire
ct a
ppli
cati
on i
n sp
rayi
ng p
rogr
amme
s an
d
accidental spillage, via surface runoff or leaching, and with discharges in
manufacturing operations. It is to protect against these eventualities that
objectives are being formulated here.
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 (ii) Diazinon
RECOMMENDATION
 
I
t
i
s
r
e
c
o
m
m
e
n
d
e
d
t
h
a
t
t
h
e
f
o
l
l
o
w
i
n
g
n
u
m
e
r
i
c
a
l
o
b
j
e
c
t
i
v
e
f
o
r
d
i
a
z
i
n
o
n
b
e
a
d
o
p
t
e
d
in
c
o
m
p
l
i
a
n
c
e
w
i
t
h
A
n
n
e
x
1,
p
a
r
a
g
r
a
p
h
7(
a)
of
th
e
W
a
t
e
r
Q
u
a
l
i
t
y
Agreement:
Th
e
co
nc
en
tr
at
io
n
of
di
az
in
on
in
an
un
fi
lt
er
ed
wa
te
r
sa
mp
le
sh
ou
td
I
no
t
ex
ce
ed
0.
08
mi
cr
og
ra
ms
pe
r
li
tr
e
fo
r
th
e
pr
ot
ec
ti
on
of
aq
ua
ti
c
li
fe
.
RATIONALE
Di
az
in
on
is
th
e
co
mm
on
na
me
fo
r
th
e
or
ga
no
-p
ho
sp
ha
te
pe
st
ic
id
e
di
et
hy
l—
2—
is
op
ro
py
l—
6—
me
th
yl
—4
—p
yr
im
id
yl
ph
os
ph
or
ot
hi
on
at
e.
It
is
co
mm
on
ly
us
ed
to
pr
ot
ec
t
fr
ui
t
tr
ee
s,
co
rn
,
to
ba
cc
o
an
d
po
ta
to
es
fr
om
su
ck
in
g
an
d
le
af
—e
at
in
g
in
se
ct
s.
Di
az
in
on
is
on
ly
sl
ig
ht
ly
so
lu
bl
e
in
wa
te
r
(4
0
mi
ll
ig
ra
ms
/l
it
re
at
ro
om
te
mp
er
at
ur
e)
,
an
d
is
st
ab
le
in
al
ka
li
ne
me
di
a
al
th
ou
gh
it
is
re
ad
il
y
hydrolyzed in water (6).
Ava
ila
ble
dat
a i
ndi
cat
e t
hat
the
per
sis
ten
ce
of
dia
zin
on
in
aqu
ati
c e
cos
yst
ems
is
gre
atl
y i
nfl
uen
ced
by
pH.
Cow
art
et
al.
(4)
dem
ons
tra
ted
that
the
hal
f—l
ife
of
dia
zin
on
in
wat
er
at
a p
H o
f 6
.0
was
14
days
.
Mil
ler
et
al.
(7)
rep
ort
ed
that
320
ug/z
appl
ied
to a
cran
berr
y bo
g di
sapp
eare
d co
mple
tely
with
in 6
days
.
Gomaa et al. (5) indicated that the half—life of diazinon at pH values of 7.4,
9.0 and 10.4 was 184, 136 and 24 days, respectively. As pH values of 7.4 to
9.0 are normally encountered in Great Lakes waters, it is possible that
diazinon can persist for up to several months in aquatic ecosystems. Because
of the apparently conflicting data on its persistence, and as organophosphate
compOunds are generally non—persistent (that is, half—life less than 8 weeks),
diazinon is considered under the category of non—persistent pest control products.
Investigations of the accumulation rate of diazinon indicate that it does
not appreciably accumulate in biological tissue. The Mummichog (Pundulus
heterocZitus) concentrated diazinon to a level of approximately ten times the
concentration in the surrounding water, but 50% of tissue residue was lost in
less than one week (7). Allison and Hermanutz (1) reported that the
accumulation factor for diazinon in fish is low compared to that observed for
most organochlorine pesticides, and that the tissue concentration is directly
proportional to water concentration.
There is currently no standard in use in either Canada or the United States
which specifies maximum permissible concentrations of diazinon in raw public
water supplies.
Exposure
of
the
green
alga
Scenedesmus
quadricaudata
to
diazinon
concen—
trations
of
100
and
1,000
ug/R
produced
no
effect
on
cell
number,
photosynthesis,
or
biomass
over
a
ten-day
study
(11).
Studies
of
the
toxicity
of
diazinon
to
fish
are
limited,
and
generally
report
the
results
of
acute
exposures.
The
24—hour
LC50
for
rainbow
trout
(SaZmo
gairdneri)
to
diazinon
was
determined
to
be
380
ug/Z
at
13°C
(2).
The
48—hour
LC50's
for
rainbow
trout
at
13°C
and
bluegills
(Lepomis
macrochirus)
at
114
 
  
24°C
were
170
ug/Q
and
96 u
g/Q,
resp
ecti
vely
(3).
Mean
96—h
r L0
50 v
alue
s fo
r
dia
zin
on
wer
e r
epo
rte
d t
o b
e 7
,80
0,
460
, 7
70
and
1,6
00
ug/
R f
or
fat
hea
d m
inn
ows
(Pr
mep
haZ
as
pro
meZ
as)
, b
lue
gil
ls,
bro
ok
trou
t (
SaZ
veZ
inu
s f
ont
ina
lis
),
and
flagfish (JordaneZZa floridae), respectively (1).
In
stu
die
s o
n t
he
chr
oni
c e
ffe
cts
of
dia
zin
on
on
fat
hea
d m
inn
ows
and
bro
ok
tro
ut,
sta
tis
tic
all
y s
ign
ifi
can
t r
edu
cti
ons
in
pro
duc
tio
n r
ate
for
fat
hea
d m
inn
ows
and
bro
ok
tro
ut
wer
e
obs
erv
ed
at
3.2
and
0.5
5
ug/
Q,
the
low
est
con
cen
tra
tio
ns
tes
ted
(1)
.
Exp
osu
re
of
bro
ok
tro
ut
for
6 t
o 8
mon
ths
to
con
cen
tra
tio
ns
of
dia
zin
on
var
yin
g
fro
m
0.5
5
to
9.6
ug/
l
res
ult
ed
in
equ
all
y
red
uce
d
gro
wth
rat
es
for
pro
gen
y
as
wel
l
as
adu
lts
.
For
fat
hea
d m
inn
ows
,
the
hat
ch
of
pro
gen
y w
as
re
du
ce
d
by
30
%
at
a
co
nc
en
tr
at
io
n
of
3.
2
ug
/Q
.
Th
er
e
is
ev
id
en
ce
th
at
th
es
e
ef
fe
ct
s
res
ult
ed
fro
m p
are
nta
l
exp
osu
re
alo
ne,
and
not
dia
zin
on
lev
els
to
whi
ch
pro
gen
y
were exposed following fertilization.
Ava
ila
ble
dat
a
ind
ica
te
tha
t
aqu
ati
c
inv
ert
ebr
ate
s
are
muc
h m
ore
acu
tel
y
sen
sit
ive
to
dia
zin
on
tha
n f
ish
.
The
48—
hou
r
EC5
0
(im
mob
ili
zat
ion
val
ue
at
15°
C)
fo
r
wa
te
r
fl
ea
s
(S
im
oc
ep
ha
lu
s
se
rr
ul
at
us
an
d
Da
ph
ni
a
pu
Ze
x)
ex
po
se
d
to
di
az
in
on
wa
s
1.
8
pg
/R
an
d
0.
90
ug
/Z
,
re
sp
ec
ti
ve
ly
(1
0)
.
Sa
nd
er
s
(9)
re
po
rt
ed
th
at
th
e
96
—h
r.
LC
50
for
Ga
mm
ar
us
Za
cu
st
ri
s
wa
s
200
ug/
Q.
The
48
—ho
ur
LC
50
for
the
st
on
ef
ly
(P
ta
ry
on
ar
oy
s
ca
Zi
fb
rn
ic
a)
ra
ng
ed
fr
om
6
ug
/%
(12
)
to
7.
5
ug
/R
(3)
.
Th
e
96
-h
r.
LC
SO
of
di
az
in
on
fo
r
Ac
ro
ne
ur
ia
Zy
co
ri
as
wa
s
re
po
rt
ed
to
be
1.
7
ug
/£
(8
).
A
nu
mb
er
of
st
ud
ie
s
ha
ve
be
en
co
nd
uc
te
d
to
de
te
rm
in
e
th
e
lo
ng
—t
er
m
ac
ut
e
to
xi
ci
ty
of
di
az
in
on
to
aq
ua
ti
c
in
ve
rt
eb
ra
te
s.
Th
es
e
da
ta
ar
e
su
mm
ar
iz
ed
in
Table 14 (8).
TABLE 14
TO
XI
CI
TY
OF
DI
AZ
IN
ON
TO
AQ
UA
TI
C
IN
VE
RT
EB
RA
TE
S
  
Or
ga
ni
sm
30
—d
ay
LC
SQ
(p
g/
Q)
30
—d
ay
no
ef
fe
ct
(p
g/
2)
Ga
mm
ar
us
ps
eu
do
li
mn
ae
us
0.
27
0.
20
Da
ph
ni
a
ma
gn
a
—
0.
26
Pt
er
on
ar
cy
s
do
rs
at
a
4.
6
3.
29
Ac
ro
ne
ur
ia
Zy
co
ri
as
1.
25
0.
83
O
p
h
i
o
g
o
m
p
h
us
ru
pi
ns
ul
en
si
s
2.
2
1.
29
Hy
dr
op
sy
ch
e
be
tt
on
i
3.
54
1.
79
Ep
he
me
re
ll
a
su
bv
ar
ia
1.
05
0.
42
No
st
ud
ie
s
ha
ve
be
en
co
nd
uc
te
d
to
ev
al
ua
te
th
e
ch
ro
ni
c
ef
fe
ct
s
of
di
az
in
on
on
r
e
p
r
o
d
uc
t
i
o
n
an
d
be
ha
vi
ou
r
of
in
ve
rt
eb
ra
te
s.
Si
mi
la
rl
y,
th
er
e
ha
ve
be
en
no
co
mp
le
te
li
fe
cy
cl
e
st
ud
ie
s
to
es
ta
bl
is
h
a
"n
o—
ef
fe
ct
"
or
"s
af
e"
co
nc
en
tr
at
io
n
of
d
i
a
z
i
n
o
n
fo
r
a
q
u
a
t
i
c
i
n
ve
r
t
e
b
r
a
t
e
s
.
R
e
s
u
l
t
s
f
r
o
m
s
t
u
d
i
e
s
of
th
e
l
o
n
g
—
t
e
r
m
a
c
ut
e
t
o
xi
c
i
t
y
of
d
i
a
z
i
n
o
n
to
a
q
u
a
t
i
c
i
n
v
e
r
t
e
b
r
a
t
e
s
i
n
d
i
c
a
t
e
d
th
at
an
o
b
j
e
c
t
i
v
e
le
ss
th
an
0.
20
ug
/R
w
o
u
l
d
p
r
o
t
e
c
t
in
ve
rt
eb
ra
te
s
fr
om
ex
po
su
re
to
co
nc
en
tr
at
io
ns
wh
ic
h
ar
e
di
re
ct
ly
le
th
al
.
Th
e
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 He
rm
an
ut
z
(1
)
sh
ow
ed
th
at
0.
55
ug
/R
of
di
az
in
on
wa
s
ff
ec
t
on
br
oo
k
tr
ou
t
pr
od
uc
ti
vi
ty
.
In
th
e
bl
is
he
d
th
ro
ug
h
th
e
co
nd
uc
t
of
co
mp
le
te
u
n
p
u
b
l
i
s
h
e
d
w
o
r
k
o
f
A
l
l
i
s
o
n
a
n
d
'
s
u
f
f
i
c
i
e
n
t
l
y
h
i
g
h
to
e
x
e
r
t
a
n
e
g
a
t
i
v
e
e
"
ti
on
s
es
ta
a
b
s
e
n
c
e
of
"n
o
e
f
f
e
c
t
c
o
n
c
e
n
t
r
a
'
l
I
I
.
li
fe
—c
yc
le
st
ud
ie
s
an
d
in
fo
rm
at
io
n
on
th
e
ch
ro
ni
c
to
x1
c1
ty
of
di
aZ
in
on
to
in
ve
rt
eb
ra
te
s,
it
is
re
co
mm
en
de
d
th
at
th
e
ob
je
ct
iv
e
fo
r
di
az
in
on
be
de
ri
ve
d
by
.
ap
pl
yi
ng
a
sa
fe
ty
fa
ct
or
of
0.
05
to
th
e
96
—h
ou
r
LC
SO
fo
r
th
e
mo
st
se
n5
1t
iv
e
sp
ec
1e
s.
A
re
vi
ew
of
the
da
ta
pr
es
en
te
d
he
re
in
di
ca
te
s
tha
t
Ac
ro
ne
ur
ra
Zy
co
rt
us
(9
6—
hr
.L
C5
0
of
1.7
ug/
R)
is
the
mos
t s
ens
iti
ve
org
ani
sm.
Acc
ord
ing
ly,
it
is
rec
omm
end
ed
tha
t
con
cen
tra
tio
ns
of
dia
zin
on
in w
ate
r n
ot
exc
eed
0.08
ug/
l t
o e
nsu
re
pro
tec
tio
n o
f
aqua
tic
life
. A
vail
able
data
on t
he l
ong-
term
acut
e to
xici
ty a
nd s
tudi
es o
f th
e
chronic effect of diazinon on brook trout indicate that this objective should
protect sensitive species of fish and aquatic invertebrates.
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(b) Other Compounds
Oil and Petrochemicals
RECCMEEQVDATION
It is recommended that the following revised objective for oil and
petrochemicals be adopted in compliance with Annex 1, paragraph 7(a), and to
replace the existing interim objective in Annex 1, paragraph 2(e) of the Water
Quality Agreement:
Gil or petrochemicals should not be present in concentrations
v.7 +’
Lﬂao .'
(a) can be detected as a visible film, sheen, or discolouration
on the surface;
(b) can be detected by odour;
(c) can cause tainting of edible aquatic organisms;
(d) can form deposits on shorelines and bottom sediments that are
detectable by sight or odour, or are deleterious to resident
aquatic organisms.
EXISTING OBJECTIVE
The above objective is recommended to replace the existing interim objective
in Annex 1, paragraph 2(e) of the Agreement, which states:
"Oil, Petrochemicals and Immiscible Substances. Waters should be free from
floating debris, oil, scum and other floating materials attributable to
municipal, industrial or other discharges in amounts sufficient to be
unsightly or deleterious”.
RATIONALE
Amenities, Waterfowl and Health
 
On the basis of general knowledge alone, all four objectives are required
to protect aesthetic values, water and shoreline recreation.
The amount of oil required to produce a visible slick will vary with type
of oil and weather condition. However, the American Petroleum Institute has
estimated that the first trace of irridescence or colour is formed when about
15 millilitres of oil is spread over 100 square metres (=lOO U.S. gallons over
one square mile, or a film about 0.15 microns thick) (12).
Surface slicks must also be prevented to protect waterbirds and aquatic
mammals.
The mortality of waterbirds as a result of severe oil pollution is
direct
and
immediate,
and
in major
oil
spills,
deaths have
been measured
in
the
thousands.
Birds,
particularly
diving
ducks,
that
feed
from
the
water
or
settle
on
it
are
vulnerable.
Plumage
matted
with
oil
allows
water
to
displace
air,
ll7
  
causing the bird to lose both insulation and buoyancy. Oil ingested during
preening can have toxic effects. Less obvious, but long—lasting small slicks such
as from sewered oil, will in the end have similar debilitating effects on
resident waterbirds.
Available information on occupational health and industrial hygiene indicates
that any tolerable health concentrations for petroleum—derived substances far
exceed the limits of taste and odour. Thus, any hazards to humans from drinking
oil—polluted water will not arise because such substances become objectionable
at concentrations far below their chronic toxicity levels. Oils of animal or
vegetable origins are usually non—toxic to humans and aquatic life.
Aquatic Organisms
The toxicity of crude oils and their derived substances to aquatic life
cannot be stated in simple terms because they contain many different organic
compounds and inorganic elements. The major components of crude oil are a
series of hydrocarbons from paraffins and napthenes to aromatics, resins,
asphaltenes, heterocyclic compounds and metallic compounds.
The hydrocarbons
make up the major group of acutely toxic compounds and there is agreement that
their
toxicity
increases
along
the
series
paraffins,
napthenes,
and
olefins
to
aromatics.
Within each series of hydrocarbons,
the smaller molecules are more
toxic
than the
larger
molecules.
However,
the high
carbon number
aromatics
are
more persistent (1).
Among
freshwater
organisms
some
information is
available
for fish.
Lethal
levels
of
oils are
in
the hundreds
or
thousands
of
uR/l.
Bunker
oil
is
lethal
to
American
shad
at
2400
uz/z
(14)
and
Atlantic
salmon
at
1700
uR/Q
(l3).
Crude
oil
slicks
exceeding
concentrations
equivalent
to
500
mg/2
killed
young
coho
and
sockeye
salmon
in
laboratory
tests
(ll).
Diesel
oil
killed
shad
at
167
uR/R
(14).
Some
petroleum
products
appear
to
contain
no
soluble
poisonous
substances
but
when
emulsified
by
agitation
with
water
they
prove
deadly
to
fish.
Agitated
solutions
of
automobile
gasoline
and
jet
aviation
fuel
have
been
found
to
be
lethal
to
fingerling
salmon
at
concentrations
of
100
and
500
mg/Q,
respectively
(15).
Long~term
effects
would
not
be
expected
from
these
two
fuels
since
they
are
volatile
and
would
not
remain
in
water
for
more
than
short
periods,
but
short—
term
sublethal
damage
could
occur.
An
excellent
set
of
tests
was
reported
in
a
provisional
report
by
the
United
States
National
Water
Quality
Laboratory
(2).
Used
crankcase
oil,
probably
a
major
source
of
oil
in
the
Great
Lakes,
was
used
in
their
tests.
Floating
oil
killed
fathead
minnows
at
11,000
uR/R,
but
mixed
into
water
it
killed
these
fish
at
1,600
ug/z,
and
flagfish
(JOrdaneZZa
fioridae)
at
1,000
uﬂ/R.
In
chronic
tests
w
i
t
h
f
l
a
g
f
i
s
h
338
uR/R
a
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f
e
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t
e
d
r
e
p
r
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u
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t
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i
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l
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y
u
s
e
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l
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o
t
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e
r
s
i
t
u
a
t
i
o
n
s
.
  
Toxicity to marine animals apparently has been studied more extensively than
toxicity to freshwater forms. Marine invertebrate larvae seem particularly
sensitive to oils. About 100 uR/R of various crude oils were lethal to planktonic
Stages of crab larvae and several other invertebrates (8,9) plus shrimp (10).
The same concentration of No. 2 fuel oilkilled kelp crab larvae (6), while
10 uQ/R of “oil” killed a copepod in 4 days (7). Lobster larvae were killed
in 4 days by 13 mg/2 of dispersed crude oil, and in 30 days by only 0.78 mg/Q.
Those were nominal concentrations and the actual concentrations of oil estimated
by measurement of the aromatics by ultraviolet spectrophotometry were only 18% of
those values. That is, measured concentrations in the lobster experiments were
4—day L050 = 2.3 mg/R and 30—day L050 = 0.14 mg/Q (16).
Some sub-lethal effects have also been documented in marine animals. Crude
oil at 100 ul/Q caused inactivity and death over 2 weeks of Neopanope (5). For
lobster larvae, the safe concentration of dispersed oil for rate of development
and moulting was 0.72 mg/R nominal concentration, about the same as the 30—day
L050. The measured concentration would be 0.13 mg/R (16). The ratio of this
"safe" concentration to the 4-day LC50 is .7 = 0.18, a value which may be used
as an application factor. For floating crude oil, the 4—day LC5O for lobster
larvae was 150 mg/2 and moulting was slowed at 12.5 mg/Q, thereby yielding a
similar application factor of 0.083. For floating No. 2 fuel oil, the same
values were 60 and 12.5 mg/R yielding an application factor of 0.21 (16).
It is probable that the safe level of crude oils for sensitive Great Lakes
crustaceans would be in the vicinity of 2 to 4 uQ/l, as is the case for their
marine cousins. However, such experiments have apparently not been done for
freshwater invertebrates, and thus the use of these low concentrations as criteria
in the Great Lakes is unwarranted.
Use of application factors does seem warranted however. The three application
factors obtained for a marine crustacean are close to the one calculated for
flagfish in fresh water. Applying the application factor 0.09 calculated for
freshwater fish to the mentioned average lethal concentrations, the estimated
"safe" levels for freshwater fish are as follows:
Bunker oil 180 uQ/E
Used crankcase oil 120 uQ/K
Crude oil slicks 45 uR/l
Jet aviation fuel 45 ul/Z
Diesel oil 15 uR/Q
Automobile gasoline 9 uR/Q
Those concentrations are nominal (added) ones and would have to be related
to the measured concentrations in the water, according to the chemical procedures
used in any individual situation.
The approximate "safe" concentrations listed above are higher than those
which would be expected to cause problems of odour, amenities, etc. under the
objectives. Therefore, the "safe" concentrations for aquatic life have not been
listed in the objectives, since other uses are more restrictive.
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Control
The eventual fate of oil in water depends on the basic processes of
weathering, dispersion and degradation.
The natural processes causing the
I
disappearance of oil in water include evaporation, solution, formation of emuls1ons,
and sinking; none of these processes however, render the oil harmless to the aquatic
environment.
The ultimate destruction of oil depends upon its oxidation by bacteria.
although some photo—oxidation takes place.
Numerous
corrective measures
such
as mechanical means
and
the use
of
detergents
have
been
found
to
clean
up
spilled
oil.
Mechanical
means
have
proven
quite
successful,
but
the
use
of
detergents
has
in
many
instances
produced
considerably
more
toxicity
to
aquatic
life
than
the
oil
proper.
These
toxicity
effects
are
covered
by
the
section
on
Unspecified
Non—Persistent
Toxic
Substances
and
Complex
Effluents.
The
only
effective
measure
for
the
control
of
oil
pollution
of
water
is
prevention
of
all
spills
and
releases.
It
is
not
generally
recognized
that
much
more
oil
enters
world
waters
from
routine
operations
and
dumping
than
from
spills.
For
example,
the
International
Lake
Erie
Water
Pollution
Board
(3)
estimated
that
the
input
of
oil
and
grease
to
the
Detroit
and
St.
Clair
rivers
exceeded
1,100
barrels
per
day
which
is
about
64,000
metric
tons
of
oil
per
year.
Such
a
"normal"
operation
is
equivalent
to
the
amount
of
oil
from
3
or
4
major
tanker
wrecks,
every
year,
each
the
size
of
the
"Arrow"
disaster
on
the
Canadian
east
coast.
Similarly,
the
International
Niagara
River
Pollution
Board
(4)
reported
that
29
m
i
l
l
i
o
n
pounds
of
oil
was
discharged
to
the
Upper
Niagara
River.
This
is
about
13,000
metric
tons
per
year,
almost
equivalent
to
one
"Arrow"
wreck.
Furthermore,
the
Board
estimated
that
40%
of
the
oil
came
from
m
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i
c
i
p
a
l
t
r
e
a
t
m
e
n
t
plants.
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in
Cleveland
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the
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Unspecified Non-Persistent Toxic Substances and Complex Effluents
RECOMMENDATION
It is recommended that the following numericalobjective for unspecified
non—persistent toxic substances and complex effluents be adopted in compliance
with Annex I, paragraph 7(a), and as a refinement of Annex I, paragraphs 2(b) and
(c) of the Water Quality Agreement:
Unspecified non-persistent toxic substances and complex effluents of
municipal, industrial or other origin should not be present in
concentrations which exceed 0.05 of the lethal concentration (96—hour
L050) for any sensitive local species to protect aquatic life.
RATIONALE
This procedural objective was developed to limit the effects of:
(l) unspecified non—persistent substances toxic to aquatic life which are not
presently identified by a specific objective within Annex I of the Agreement,
and
(2)
complex
industrial
and municipal
effluents
which
are
toxic
to
aquatic
life and are discharged directly to the Great Lakes.
A large number of specialty chemicals are presently used in industrial
processes,
agriculture
and
the home.
They
include
chemical
reagents,
disinfectants,
pest
control
products,
preservatives,
emulsifiers,
defoamers,
floatation
and
chelation
agents.
In
some
cases
treatment
systems
are
either
not
utilized
or
are
inadequate
to
reduce
the
toxicity
of
these
materials
before
they
are
discharged
to
surface
waters.
Some
of
these
substances
combine
with
others
in
ways
which
have
not
been
defined.
In
addition,
analytical
proceduresnecessary
for
their
identification
and
quantification
have
not
been
developed
and
there
has
been
insufficient
testing
to
establish
a
specific
water
quality
objective.
These
sub-
stances
may
be
discharged
as
components
of
complex
effluents
and
their
effects
within
the
receiving
water
will
be
indistinguishable
from
the
combined
effects
of
the
total
discharge.
In
View
of
the
unspecified
nature
and
the
lack
of
an
adequate
toxicological
data
base
for
these
substances,
the
objective
recommends
use
of
an
application
factor
with
acute
toxicity
data
derived
for
approved
test
species.
Acute
toxicity
refers
to
96—hour
concentrations
lethal
to
half
of
the
test
organisms
(96-hour
L050,
the
median
lethal
concentration)
derived
in
accordance
with
"Methods
for
Acute
Toxicity
Tests
with
Fish,
Macroinvertebrates
and
Amphibians"
(2);
or
published
acute
toxicity
data
expressed
as
the
median
lethal
concentration
for
a
96—hour
exposure
during
which
test
conditions
were
such
that
chemical
and
physical
characteristics
of
the
dilution
water
are
comparable
to
existing
water
quality
conditions
at
the
boundary
of
the
mixing
zone.
Approved
test
species
means
any
sensitive,
locally
important
Great
Lakes
species
or
life
history
stage
selected
by
the
regulatory
agency
on
the
basis
of
appropriateness,
or
those
species
which
have
been
used
successfully
in
freshwater
toxicity
tests
and
are
r
ep
re
se
nt
at
ive
of
sensitive
important
Great
Lakes
species.
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 the use of an application factor which should, in the majority of cases, reduce
the concentration to that which is non-lethal for chronic exposure. Using an
application factor will not preclude the possibility ofvsublethal effects
occurring; however, since by definition these substances are non—persistent,
exposure times will tend to be of short duration and effects outside mixing zones
would not normally be expected. Where there are such effects, it Should be
evident that the application factor was inadequate to derive an objective which
would provide for and protect the designated use.
In "Water Quality Criteria 1972" (1) it is proposed that the test species used
to establish an objective should ideally correspond to the most sensitive important
species existing in the locality where the objective will apply. While this is
scientifically sound, it presents a serious difficulty in practice.
In order
to determine which local species is most sensitive to a given introduced toxicant,
a large number of organisms must be evaluated.
Consequently, the objective
recommends a choice of locally important test species which are known to tolerate
laboratory test conditions.
Selection of the approved test species should include
representatives of cold and warm water fish species as well as an important benthic
invertebrate.
The large volume of acute toxicity data available from the scientific
literature should be used since it is unreasonable to require additional testing
of those substances previously bioassayed by reputable laboratories.
The
objective permits use of such data where a) the species tested conforms to the
requirements for species selection accompanying the objective, and b) the
dilution water quality used in the test was comparable to that existing at the
intended point of application of the objective (boundary of a mixing zone).
The choice of application factor is based on the recommendation put
forward by the National Academy of Sciences and the National Academy of Engineering
(1) for determining acceptable concentrations of toxicants for which comprehensive
toxicological data are lacking. This recommendation for non-persistent and
non-cumulative materials is a concentration not exceeding 0.1 of the 96-hour
LC5U at any time or place after mixing with the receiving waters, while the
24-hour average should not exceed 0.05 of the L050 after mixing.
Since the
boundary of a mixing zone may be located further from the source than the point
at which rapid mixing is completed, and since monitoring by regulatory agencies
will more likely involve spatial sampling on an irregular schedule rather than
intensive sampling during a 24—hour period, it is recommended that the objective
be 0.05 of the 96—hour LC50 at the mixing zone b0undary. Based on a broad
assessment of the scientific literature relative to the differences between
L050 values and incipient lethal concentrations for a diverse array of toxicants,
and between lethal and sub-lethal concentrations, an application factor of
0.05 (l/20th), apart from specialized cases, should provide adequate protection
for the aquatic community. Notwithstanding this recommendation, it is strongly
advised that where two or more unspecified toxicants are discharged simultaneously,
the potential for synergistic or additive effects should be established through
bioassay testing and the acceptable concentration should be based on l/20th of
the net toxicity of the mixture.
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 (c) OTHER SUBSTANCES
(1) BE
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EXISTING OBJECTIVE
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RATIONALE
In
nat
ura
l w
ate
rs,
pH,
whi
ch
is
a m
eas
ure
of
hyd
rog
en
ion
con
cen
tra
tio
n,
res
ult
s f
rom
the
equ
ili
bri
um
ach
iev
ed
by
the
var
iou
s d
iss
olv
ed
com
pou
nds
, s
alt
s
and
gase
s.
The
pri
mar
y s
yst
em
reg
ula
tin
g p
H i
n n
atu
ral
wat
ers
is
the
car
bon
ate
syst
em;
its
role
has
bee
n d
esc
rib
ed
in
some
det
ail
by
Stu
mm
and
Mor
gan
(7).
Public Water Supplies
 
The
pH o
f a
raw
wate
r su
pply
is s
igni
fica
nt b
ecau
se i
t ma
y ad
vers
ely
affe
ct
water treatment process and contribute to corrosion of water works structures,
distribution lines and household plumbing fixtures, by adding such constituents
as iron, copper, lead, zinc and cadmium to the water (6). Adjustment of pH within
the range of 5.0 to 9.0, the common range of pH values in natural waters, is
relatively simple. "Water Quality Criteria 1972" (6) notes that since "the
defined treatment process can cope with natural waters within the pH range of 5.0
to 9.0, but becomes less economical as this range is extended, it is recommended
that the pH of public water supplies be within 5.0 to 9.0". The "defined
treatment process" includes sedimentation, rapid sand filtration, and disinfection
with chlorine.
Primary Contact Recreation
"Water Quality Criteria 1972" states that "for most bathing and swimming
waters, eye irritation is minimized and recreational enjoyment enhancedby
maintaining the pH within the range of 6.5 and 8.3 except for those waters with
a low buffer capacity where a range of pH between 5.0 and 9.0 may be tolerated'(6).
Subsequent investigations on the level of protection afforded recreational users
of Great Lakes waters indicated that the characteristics of water in the Great
Lakes
are
such
that
no
eye
irritation
would
be
expected
if
the
pH
did
not
exceed 9.0 (5).
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Based upon present evidence (3,6), a pH range of 6.5 to 9.0 will provide .
adequate protection for the life processes of freshwater fish and bottom dwelling
invertebrates.
Outside this range, most aquatic organisms suffer adverse
physiological effects of increasing severity as the degree of dev1ation increases.
A pH fluctuation
not
only produces
acid
or
alkaline
conditions,
it can
also
increase
the
toxicity
of
various
components
in
the
waters.
Reductions
in
pH
caused
by
the
addition
of
acids
can
liberate
dissolved
C02
amounts
which
may
be
toxic
(l).
The
acute
toxicity
of
a
metallocyanide
complex
increased
by
a
factor
of
a
thousand
when
pH
values
were
reduced
by
approximately
1.5
units
(2).
Conversely,
increases
in
pH
can
cause
concentrations
of
unionized
ammonia
to
increase
to
toxic
levels.
Unionized
ammonia
has
been
demonstrated
to
be
ten
times
more
toxic
at
pH
8.0
than
at
pH
7.0
(4).
Because
of
such
effects,
pH
changes
of
more
than
0.5
pH
units
should
be
avoided.
Aesthetic Consideration
The
solubility
of
calcium
carbonate
in
natural
waters
is
influenced
by
levels
of
pH.
Where
levels
of
dissolved
calcium
carbonate
exceed
saturation,
a
pH
approaching
9.0
may
cause
precipitation
of
this
compound
thereby
creating
a
milky tinge.
H
o
we
ve
r
,
as
the
r
e
c
o
m
m
e
n
d
e
d
u
p
p
e
r
p
H
l
i
m
i
t
of
9
.
0
w
i
l
l
p
r
o
t
e
c
t
a
l
l
o
t
h
e
r
d
e
s
i
g
n
a
t
e
d
u
s
e
s
o
f
t
h
e
w
a
t
e
r
,
t
h
e
r
a
n
g
e
o
f
6
.
5
to
9
.
0
h
a
s
b
e
e
n
e
n
d
o
r
s
e
d
,
a
n
d
t
h
e
o
b
j
e
c
t
i
v
e
f
o
r
s
u
s
p
e
n
d
e
d
s
o
l
i
d
s
s
h
o
u
l
d
b
e
u
s
e
d
to
c
o
n
t
r
o
l
l
o
c
a
l
s
i
t
u
a
t
i
o
n
s
w
h
e
r
e
p
r
e
c
i
p
i
t
a
t
i
o
n
o
f
c
a
l
c
i
u
m
c
a
r
b
o
n
a
t
e
m
a
y
a
e
s
t
h
e
t
i
c
a
l
l
y
d
e
g
r
a
d
e
w
a
t
e
r
q
u
a
l
i
t
y
.
LITERATURE CITED
1.
D
o
u
d
o
r
o
f
f
,
P
.
,
a
n
d
M
.
K
a
t
z
.
"
C
r
i
t
i
c
a
l
r
e
v
i
e
w
o
f
l
i
t
e
r
a
t
u
r
e
o
n
t
h
e
t
o
x
i
c
i
t
y
o
f
i
n
d
u
s
t
r
i
a
l
w
a
s
t
e
s
a
n
d
t
h
e
i
r
c
o
m
p
o
n
e
n
t
s
t
o
f
i
s
h
.
1.
A
l
k
a
l
i
e
s
,
a
c
i
d
s
a
n
d
o
r
g
a
n
i
c
g
a
s
e
s
"
.
S
e
w
a
g
e
I
n
d
u
s
t
r
i
a
l
W
a
s
t
e
s
2
2
:
1
4
3
2
—
5
8
(
1
9
5
0
)
.
2.
D
o
u
d
o
r
o
f
f
,
P
.
,
G
.
L
e
d
u
c
,
a
n
d
C
.
R
.
S
c
h
n
e
i
d
e
r
.
"
A
c
u
t
e
t
o
x
i
c
i
t
y
t
o
f
i
s
h
o
f
s
o
l
u
t
i
o
n
s
c
o
n
t
a
i
n
i
n
g
c
o
m
p
l
e
x
m
e
t
a
l
c
y
a
n
i
d
e
s
,
i
n
r
e
l
a
t
i
o
n
t
o
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
m
o
l
e
c
u
l
a
r
h
y
d
r
o
c
y
a
n
i
c
a
c
i
d
.
"
T
r
a
n
s
.
A
m
e
r
.
F
i
s
h
.
S
o
c
.
9
5
(
1
)
:
6
-
2
2
(
1
9
6
6
)
.
 
3
.
E
u
r
o
p
e
a
n
I
n
l
a
n
d
F
i
s
h
e
r
i
e
s
A
d
v
i
s
o
r
y
C
o
m
m
i
s
s
i
o
n
.
W
o
r
k
i
n
g
P
a
r
t
y
o
n
W
a
t
e
r
Q
u
a
l
i
t
y
C
r
i
t
e
r
i
a
f
o
r
E
u
r
o
p
e
a
n
F
r
e
s
h
w
a
t
e
r
F
i
s
h
.
"
R
e
p
o
r
t
o
n
e
x
t
r
e
m
e
p
H
v
a
l
u
e
s
a
n
d
i
n
l
a
n
d
f
i
s
h
e
r
i
e
s
"
.
W
a
t
e
r
R
e
s
.
3
:
5
9
3
(
1
9
6
9
)
.
4
.
E
u
r
o
p
e
a
n
I
n
l
a
n
d
F
i
s
h
e
r
i
e
s
A
d
v
i
s
o
r
y
C
o
m
m
i
s
s
i
o
n
.
C
r
i
t
e
r
i
a
f
o
r
E
u
r
o
p
e
a
n
F
r
e
s
h
w
a
t
e
r
F
i
s
h
.
W
a
t
e
r
.
R
e
s
.
7
:
1
0
1
1
(
1
9
7
3
)
.
W
o
r
k
i
n
g
P
a
r
t
y
o
n
W
a
t
e
r
Q
u
a
l
i
t
y
"
R
e
p
o
r
t
o
n
a
m
m
o
n
i
a
a
n
d
i
n
l
a
n
d
f
i
s
h
e
r
i
e
s
"
.
.
M
o
o
d
,
E
.
,
Y
a
l
e
U
n
i
v
e
r
s
i
t
y
,
P
e
r
s
o
n
a
l
C
o
m
m
u
n
i
c
a
t
i
o
n
,
1
9
7
5
.
126
 6.
Na
ti
on
al
Ac
ad
em
y
of
Sc
ie
nc
es
and
Na
ti
on
al
Ac
ad
em
y
of
En
gi
ne
er
in
g.
“W
at
er
qua
lit
y
cri
ter
ia
197
2".
U.S
.
Env
iro
nme
nta
l
Pro
tec
tio
n
Age
ncy
Eco
l.
Res
.
Series R3—73—O33. 1973.
7.
Stu
mm,
W.,
and
J.J
.
Mor
gan
.
Agu
ati
c
che
mis
try
.
Joh
n W
ile
y
and
Son
s,
New York, 1970.
  
127
 (2) lAlNTING SUBSTANC_E_§
RECOWEAMi335]
It is recommended that the following revised objective for tainting
substances be adopted to replace the existing specific objective in Annex I,
paragraph l(d) of the Water Quality Agreement:
l) Raw pub
b
l
from o i
c water supply sources should be essentially free
.t ,I‘ /
L
dectionable taste and odour for aesthe i: reasons.
4) Levels of phenolic compounds should not exceed 0.00Z milligrams
oer litre in raw public water supplies to protect against taste
and odour in domestic mate
3) Substances entering the water as the result tj'human activity
that cause tainting of'edible aquatic organisms should not be
present in concentrations which will lower tne acceptability
of‘these organisms as determined by organoleotic tests.
EXISTING OBJECTIVE
The above Objectives are recommended to replace the existing specific
objective in Annex 1, paragraph l(d) in the Agreement, which states:
"Taste and Odour. Phenols and other objectionable taste and odour
producing substances should be substantially absent.”
RATIONALE
Raw Water Supply
Municipal wastewater discharges, especially those serving urban areas,
and an array of industrial discharges have the capacity to impart objectionable
taste and odour to water.
There is also a number of naturally occurring
1
materials in aquatic environments, as well as the metabolic by—products of
g
micro-organisms that create taste and odour problems at water treatment plants.
;
Taste and odour are primary factors which influence a consumer in determining
acceptability of water for domestic use. Since these factors cannot be
directly correlated with the safety of the water supply, protection from
objectionable odour and taste is based on aesthetics.
$
1
The defined water treatment process is inconsistently effective in
removing taste and odour producing properties of raw water, and data identifying
threshold levels of individual materials are extremely variable.
The objective
therefore, is narrative rather than numerical, with the exception of the objective
for phenolic
compounds.
For more
specific
information
on
taste
and
odour
in
raw public
water
supplies
see
references
1,2,15,22
and
23.
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 Table 15
WASTEWATERS
FOUND
TO
HAVE
LOWERED
THE
PALATABILITY
OF
FISH
FLESH
(l3)
Concentration in
water affecting
palatability of
fish
Wastewaters
50 to 100 ml/Q
0.02 to 0.1 mR/R
2,4—D mfg. plant
Coal—coking
Coaltar 0.1 mR/Q
Kraft
process
1
to
2%
by
vol.
(untreated)
Kraft
process
9
to
12%
by
vol.
(treated)
Kraft and neutral
sulfite process
Municipal dump
runoff
Municipal untreated
sewage (2 locations)
Municipal wastewater
treatment plants
(4 locations)
Municipal waste—
water treatment
plant (Primary)
11 to 13% by vol.
Municipal waste—
water treatment
plant (Secondary)
20 to 26% by vol.
Oily wastes
Refinery
Sewage containing
phenols
Slaughterhouses
(2 locations)
130
Species
Trout
Freshwater fish
Freshwater fish
Salmon
Salmon
Trout
Channel
catfish
Channel
catfish
Channel
catfish
Freshwater
fish
Freshwater
fish
Trout
Trout
Freshwater
fish
Channel
catfish
Reference
(18)
(3)
(3)
(19)
(20)
(14)
(27)
(27)
(27)
(21)
(21)
(31)
(10)
(3)
(27)
 Table 16
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Chemical
Estimated
threshold
level
Reference
in water (mg/R)
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.
Th
er
e
is
gr
ea
t
va
ri
ab
il
it
y
in
th
e
th
re
sh
ol
d
of
se
ns
or
y
de
te
ct
io
n.
In
ma
ny
ca
se
s
th
e
pu
rp
os
es
of
th
e
te
st
s
we
re
no
t
to
de
fi
ne
a
th
re
sh
ol
d
le
ve
l
or
no
nd
et
ec
ti
on
le
ve
l,
bu
t
si
mp
ly
to
pr
ov
id
e
in
fo
rm
at
io
n
to
a
di
sc
ha
rg
er
on
po
te
nt
ia
l
or
ex
is
ti
ng
pr
ob
le
ms
as
so
ci
at
ed
wi
th
op
er
at
in
g
th
e
fa
ci
li
ty
.
Th
e
nu
mb
er
s
sh
ou
ld
be
us
ed
as
gu
id
el
in
es
fo
r
id
en
ti
fy
in
g
po
ss
ib
le
so
ur
ce
s
wh
en
tainting problems are investigated.
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PHYSICAL CHARACTERISTICS
(A)
SE
TT
LE
AB
LE
AN
D
SU
SP
EN
DE
D
SO
LI
DS
AN
D
LI
GH
T
TR
AN
SM
IS
SI
ON
I; RECOMMENDATION
It
is
rec
omm
end
ed
that
the
fol
low
ing
rev
ise
d o
bje
cti
ve
for
set
tle
abl
e
and
sus
pen
ded
sol
ids
and
ligh
t t
ran
smi
ssi
on
be
ado
pte
d t
o r
epl
ace
the
ex1
st1
ng
inte
rim
obje
ctiv
e in
Anne
x 1,
para
grap
h 2(
d) o
f th
e Wa
ter
Qual
ity
Agre
emen
t:
For the protection of aquatic life, waters should be free from
substances attributable to municipal, industrial or other discharges
resulting from human activity that will settle to form putrescent or
otherwise objectionable sludge deposits or that will alter the value
of the Secchi disk depth by more than l0 per cent.
EXISTING OBJECTIVE
The above objective is recommended to replace the existing interim
objective specified in Annex 1, paragraph 2(d) of the Agreement, which states:
"Settleable and Suspended Materials. Waters should be free from substances
attributable to municipal, industrial or other discharges that will settle
to form putrescent or otherwise objectionable sludge deposits, or that will
adversely affect aquatic life or waterfowl”.
RATIONALE
Materials present in a lake absorb, scatter, and reflect light as it
passes through the water (11). Dissolved materials absorb light but substantial
reduction in light transmission more commonly results from the presence of
suspended particles. In areas where such particles are high in concentration,
their influence can be noted by the human eye and the water is called turbid.
Moreover, the effect of the particles on the light depends not only on concen—
tration but also on size, shape, colour, refractive index, and specific gravity.
The turbidity of the water can have a great effect on the types and quantities
of algae
that
grow
in a lake
by altering
the quality
and
quantity
of
light
available
for photosynthesis
(1,11,14).
This
has been
clearly demonstrated
in
the
Great
Lakes
by
Chandler's
work
in western
Lake
Erie.
Chandler
showed
that
the
algal
productivity
is
high
when
turbidity
is
low
and
vice
versa
(2,6).
His
studies
indicated
that
the
composition,
size,
duration
and
emergence
of
phytoplankton
pulses
in
this
area
are
influenced
by
turbidity
(3,4,5,6).
Since
the
light
energy
fixed
into
organic
matter
by
phytoplankton
is
the
basis
of
almost
all
aquatic
life,
the
turbidity-induced
effects
on
these
plants
have
ramifications
throughout
the
ecosystem.
The
ecological
effects
of
turbidity
may
be
entirely
natural.
Such
mechanisms
as
wave—induced
shoreline
erosion
and
resuspension
of
bottom
sediments,
and
the
b
l
o
o
m
of
a
l
g
a
l
c
e
l
l
s
u
n
d
e
r
f
a
v
o
u
r
a
b
l
e
c
o
n
d
i
t
i
o
n
s
m
a
y
d
e
c
r
e
a
s
e
l
i
g
h
t
t
r
a
n
s
m
i
s
s
i
o
n
t
o
s
u
c
h
a
n
e
x
t
e
n
t
t
h
a
t
t
h
e
m
a
g
n
i
t
u
d
e
o
f
p
h
o
t
o
s
y
n
t
h
e
s
i
s
is
s
u
b
s
t
a
n
t
i
a
l
l
y
c
u
r
t
a
i
l
e
d
.
 In
ad
di
ti
on
,
hu
ma
n
ac
ti
vi
ti
es
ma
y
gr
ea
tl
y
al
te
r
tu
rb
id
it
y
an
d
in
cr
ea
se
it
s
fl
uc
tu
at
io
ns
,
thu
s
cr
ea
ti
ng
a
la
rg
e
and
us
ua
ll
y
un
fa
vo
ur
ab
le
ef
fe
ct
on
the
eco
sys
tem
.
Bes
ide
s
the
obv
iou
s
eff
ect
s
on
tur
bid
ity
fro
m d
ire
ct
add
iti
on
‘
of
par
tic
ula
tes
,
hum
an
act
ivi
tie
s ca
n i
ndi
rec
tly
inc
rea
se
tur
bid
ity
by
add
ing
nutr
ient
s th
at c
ause
incr
ease
d pr
oduc
tion
and
abun
danc
e of
aqua
tic
plan
ts.
'
In Special circumstances human activities can also decrease turbidity by adding
substances that cause the existing particles to aggregate and settle out of
suspension faster than otherwise would occur. Even this effect could be
detrimental to beneficial uses of the water by allowing much greater than
usual algal production and by smothering benthic organisms and fish eggs. Not
only can large blooms of algae lead to taste and odour problems in public water
supplies but they can also make the water aesthetically less suitable for such
recreational activities as boating, water skiing, fishing, etc.
Thus alterations
in the ability of Great Lakes water to transmit light need to be strictly
controlled.
The National Academy of Sciences and the National Academy of Engineering
recognized
this
need
for all aquatic
environments
in the
United
States
in
their
recommendations
on
water
quality
criteria
(13):
"The
combined
effect
of
colour
and
turbidity
should
not
change
the
compensation
point
more
than
10
per
cent
from
its
seasonally
established
norm,
nor
should
such
a
change
place
more
than
10
per
cent
of
the
biomass
of
photosynthetic
organisms
below
the
compensation
point."
Compensation
point
signifies
the
depth
at
which
the
amount
of
light
energy
fixed
by
algae
is
balanced
by
the
energy
used
during
normalmetabolic
processes.
At
depths
greater
than
this
point
more
energy
is
used
than the
algal
cells
fix.
As
a
result,
the
algae
must
use
metabolic
reserves
in
order
to
survive.
This
recommendation
is
intended
to
protect
the
naturally
occurring
photosynthetic
capacity
in
the
upper
waters
where
photosynthesis
takes
place.
The
only
problem
with
a
criterion
based
on
compensation
point
and
biomass
is
the
difficult
and
time—consuming
nature
of
the
measurement.
For
this
reason,
an
objective
based
upon
light
extinction
as
measured
by
Secchi
disk,
an
easy
and
problem-free
procedure,
is
recommended.
Furthermore,
it
is
generally
accepted
that
the
Secchi
disk
measurement
bears
an
approximately
constant
relation
to
the
lower
limit
at
which
the
necessary
light
to
carry
on
photosynthesis
is
available
(e.g., 10).
The
value
of
10
per
cent
recommended
in
this
criterion
is
somewhat
arbitrary
in
that
any
alteration
in
turbidity
will
affect
light
transmission
and
c
o
n
s
e
q
u
e
n
t
l
y
p
h
o
t
o
s
y
n
t
h
e
s
i
s
.
S
m
a
l
l
c
h
a
n
g
e
s
in
t
u
r
b
i
d
i
t
y
a
r
e
d
i
f
f
i
c
u
l
t
to
d
e
t
e
c
t
h
o
w
e
v
e
r
,
a
n
d
w
i
l
l
u
s
u
a
l
l
y
h
a
v
e
o
n
l
y
a
m
i
n
o
r
e
f
f
e
c
t
on
p
h
o
t
o
s
y
n
t
h
e
s
i
s
.
T
h
u
s
the
10
p
e
r
cent
v
a
l
u
e
has
b
e
e
n
c
h
o
s
e
n
as
a
l
e
ve
l
that
c
a
n
be
d
e
t
e
c
t
e
d
q
u
i
t
e
e
a
s
i
l
y
a
n
d
a
t
w
h
i
c
h
a
p
p
r
e
c
i
a
b
l
e
c
h
a
n
g
e
s
i
n
a
l
g
a
l
p
r
o
d
u
c
t
i
o
n
m
a
y
b
e
g
i
n
to
o
c
c
u
r
.
T
h
e
U
n
i
t
e
d
S
t
a
t
e
s
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
in
i
t
s
"
Q
u
a
l
i
t
y
C
r
i
t
e
r
i
a
f
o
r
W
a
t
e
r
"
a
d
o
p
t
e
d
t
h
e
r
e
c
o
m
m
e
n
d
a
t
i
o
n
c
o
n
t
a
i
n
e
d
i
n
"
W
a
t
e
r
Q
u
a
l
i
t
y
C
r
i
t
e
r
i
a
1
9
7
2
"
.
T
h
e
c
o
m
p
l
e
t
e
r
e
c
o
m
m
e
n
d
a
t
i
o
n
i
n
c
l
ud
e
s
:
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1% "Aquatic Communities should be protected if the following maximum
concentrations of suspended solids exist:
‘ Moderate protection 80 mg/l
i Low level of protection 400 mg/2
Very low level of protection over 400 mg/2" (13).
I
i
1
j< High level of protection 25 mg/2
The rationale presented below was taken primarily from the Environmental
Protection Agency report.
!;
"Fish~and other aquatic life requirements concerning suspended solids can be
divided into those whose effect occurs in the water column and those whose effect
l,
follows sedimentation to the bottom of the water body.
Noted effects are similar
’ for both fresh and marine waters.
s
[In a 1965 report,
the European Inland Fisheries Advisory Commission
(EIFAC)
identified
four ways
suspended
solids affect
fish
and
fish
food populations:]
(1)
by acting
directly on
the
fish swimming
in water
in which
solids
are
suspended,
and
either
killing
them
or
reducing
their
growth
rate, resistance to disease, etc.;
(2)
by
preventing
the
successful
development
of
fish
eggs
and
larvae;
(3)
by
modifying
natural
movements
and
migrations
of
fish;
(4)
by
reducing
the
abundance
of
food
available
to
the
fish;
...”
(18).
while
indicating
that
a
"no-effect"
level
does
not
exist
for
inert
suspended
solids
above
which
fisheries
are
not
damaged,
the
EIFAC
made
the
following
conclusions
assuming
inert
solids
and
otherwise
satisfactory
water
quality:
"(a)
there
is
no
evidence
that
concentrations
of
suspended
solids
less
than
25
mg/2
have
any
harmful
effects
on
fisheries;
(b)
it
should
usually
be
possible
to
maintain
good
or
moderate
fisheries
in
waters
that
normally
contain
25
to
80
mg/2
suspended
solids,
other
factors
being
equal,
however,
the
yield
of
fish
from
such
waters
might
be
somewhat
lower
than
from
those
in
the
preceding
category;
(c)
waters
normally
containing
from
80
to
400
mg/Q
suspended
solids
are
unlikely
to
support
good
freshwater
fisheries,
although
fisheries
may
!
sometimes
be
found
at
the
lower
concentrations
within
this
range;
i
;
(d)
only
poor
fisheries
are
likely
to
be
found
in
waters
that
normally
*
contain
more
than
400
mg/f
suspended
solids"
(13).
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Available evidence indicates however, that the death rate for fish living
in water containing 200 mg/2 or more of suspended solids for long periods of
time will be greater than for similar fish living in clear water, and that
suspended material from industrial discharges (for example, coal washings and
pulp wastes) may be substantially more toxic (8).
The EIFAC added a caveat that although exposure to several thousand milligrams
per litre for several hours or days may not kill fish, such excessive concen—
trations should be prevented in waters reserved for good fisheries.
Settleable materials which blanket the bottom of waterbodies damage the
invertebrate populations, block gravel spawning beds, and if organic, remove
dissolved oxygen from overlying waters (7,8). In a study downstream from the
discharge of a rock quarry where inert suspended solids were increased by
80 mg/l, the density of macroinvertebrate populations decreased by 60 per cent,
regardless of the suspended solid concentrations (9). Similar effects have
been reported downstream from an area which was intensively logged. Major
increases in stream suspended solids (25 mg/2 upstream vs. 390 mg/2 downstream)
caused smothering of bottom invertebrates thereby reducing organism density
to only 7.3 per square foot 03. 25.5 per square foot upstream (17).
When settleable solids block gravel spawning beds containing eggs, high
mortalities result although there is evidence that some species of salmonids
will not spawn in such areas (8). It has been postulated that silt attached to
eggs prevents sufficient exchangeof oxygen and carbon dioxide between the eggs
and the overlying water. The important variables are particle size, stream velocity
and degree of turbulence (8).
Deposition of organic materials to the bottom sediments can cause imbalances
in stream biota by increasing bottom animal density, principally worm populations,
and diversity is reduced as pollution sensitive forms disappear (12). Algae
likewise flourish in such nutrient rich areas although forms may become less
desirable (l6).
Identifiable effects of suspended solids on irrigation use of water include
the formation of crusts on top of the soil which inhibit water infiltration,
plant emergence, and impede soil aeration; the formation of films on plant leaves
which block sunlight and impede photosynthesis and which may reduce the marketability
of some leafy
crops like lettuce; and finally the adverse effect on irrigation
reservoir
capacity,
delivery
canals
and
other
distribution
equipment
(13).
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(B) ASBESTOS
PﬂCOMMENDATION
It is recommended that the following objective for asbestos be adopted:
Asbestos should be kept at the lowest practicable levels and in
any event should be controlled to the extent necessary to prevent
harmful effects on health.
RATIONALE
At this time there is insufficient information to recommend a meaningful
or defensible numerical asbestiform fibre objective for protection of
aquatic organisms, raw public water supply or drinking water.
Asbestos is a generic name for several fibrous silicates.
The reported
background level of asbestiform fibre concentration in the Great Lakes varies
from less than one million to ten million fibres per litre.
Sources of asbestiform
fibres are natural erosion, mining and processing operations, and man's use of
the manufactured products.
That inhaled asbestos is related to an increased
incidence of cancer is reasonably well known,
but the effects of ingested
asbestiform fibres have only recently come under study and the demonstrable
hazard to health is not defined.
A major Lake Superior source is the Reserve
Mining Company operation at Silver Bay,
Minnesota.
Eighty—seven million and two
hundred fifty million fibres per litre have been reported from Lake Superior water
in the Beaver Bay and Duluth, Minnesota areas, respectively.
These elevated
levels have focused attention on the desirability of defining threshold effect
and
safe
levels
for various
water
uses.
The reader
is referred
to
the
Great
Lakes
Research Advisory
Board
report
on asbestos
in
the Great
Lakes
Basin
(1),
the
source
of
the
above
text,
for
more
detailed
information.
Research on health effects of ingested asbestiform fibres is ongoing
through animal feeding studies conducted under the aegis of the United States
Environmental Protection Agency and the United States Food and Drug Administration.
Very little is known about the effects of asbestiform fibres on aquatic
organisms.
Concern
has been
expressed
over
possible
effects
from
(1)
ingestion
by fish which need water
for osmoregulation;
(2)
inadvertent
ingestion
by
particulate
feeders;
(3)
decrease
in
buoyancy
of
planktonic
organisms
caused
by
accumulations
on
their
surfaces;
and
(4)
decreased
gill—function
efficiency.
Filter
feeders,
such
as
the
fingernail
clams,
appear
especially
vulnerable
to
direct
ingestion
of
asbestiform
particles.
Halsband
(2)
investigated
the
short
term
effects
of
asbestos
intake
on
the
mussel
(Mytilus
edulis),a
marine
mollusk
filter
feeder.
He
exposed
mussels
to
the
fine
fraction
of
tailings
from
a
process
which
separates
asbestos
fibres
from
ore
whose
source
is
the
Ungava
Peninsula
of
Canada
on
the
northeastern
shore
of
Hudson
Bay.
Mussels
were
exposed
for
5
days
in
extremely
high
concentrations
(10
to
100
mg/l).
Some
Were
removed
after
exposure
and
prepared
for
tissue
examination
while
others
were
placed
in
"unpolluted"
water
for
7
days
to
provide
an
opportunity
for
purging
before
tissue
examination.
Examination
showed
clearly
that
asbestos
fibres
penetrated
142
 the epithelial tissue of the stomach and intestinal tract of mussels in the
variations of exposure and post—exposure. Apparently some mussels were allowed
longer purging periods since, as Halsband states, "After several weeks exposure ...
to unpolluted seawater these foreign bodies were not disposed of.” He concluded
that tissue damage had occurred, but offered no evaluation of effects.
Scientists at the Canada Centre for Inland Waters do not know of any
experimental work in Canada dealing with effects of asbestos on aquatic organisms.
The National Water Quality Laboratory at Duluth has begun a $644,000 project extending
to 1979 on the "Environmental impact of asbestos on freshwater organisms.” This
project will determine the extent to which environmental contamination has
occurred in the United States by extensively surveying all existing data; employ tracer,
autoradiographic and other refined techniques to identify target organs and tissues
in important fish species; develop better methods to determine asbestos content
in water and tissue; develop response data relating effects of freshwater organisms
exposed to asbestos fibres; and determine the extent to which previous water
quality criteria data were affected through contamination of the laboratory's water
supply by asbestiform minerals.
Examination of the research plan suggests that the emphasis will be on fish and
larger invertebrate animals. Effects on planktonic organisms may be of equal or
greater importance and might be more easily detected. Tests with these smaller
organisms should be conducted.
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(A)
Chapter IV
B
A
S
I
C
C
O
N
C
E
P
T
S
NON‘DEGRADATION
RECOMMENDATION
It is recommended that the following revised statement regarding non—
degradation be adopted to replace the existing statement which appears in Annex 1,
paragraph 3 of the Water Quality Agreement:
Notwithstanding the adoption of specific water quality objectives,
all reasonable and practicable measures shall be taken in accordance
with paragraph 4 of Article III of the Agreement to maintain the
levels of water quality existing at the date of entry into force of
the Agreement in those areas of the boundary waters of the Great Lakes
System where such water quality is better than that prescribed by the
specific water quality objectives.
EXISTING OBJECTIVE
The
abov
e st
atem
ent
is r
ecom
mend
ed t
o re
plac
e th
e ex
isti
ng n
on—d
egra
dati
on
statement in Annex I, paragraph 3 of the Agreement, which states:
"Non-degradation. Notwithstanding the adoption of specific water quality
objectives, all reasonable and practicable measures shall be taken in
accordance with paragraph 4 of Article III of the Agreement to maintain the
leve
ls o
f wa
ter
qual
ity
exis
ting
at t
he d
ate
of e
ntry
into
forc
e of
the
Agreement in those areas of the boundary waters of the Great Lakes
Syst
em w
here
such
leve
ls
exce
ed th
e sp
ecif
ic w
ater
qual
ity
obje
ctiv
es".
COMMENTARY
The
exi
sti
ng
sta
tem
ent
is
dra
wn
fro
m A
rti
cle
III,
par
agr
aph
4 of
the
Agreement and it should also be amended as above.
EMITONALE
A wa
ter
qual
ity
obje
ctiv
e as
defi
ned
by t
he C
ommi
ttee
s is
"tha
t mi
nimu
m
qua
lit
y o
f w
ate
r w
hic
h w
ill
pro
vid
e f
or
and
pro
tec
t a
ny
des
ign
ate
d u
se".
A
prim
ary
purp
ose
for
esta
blis
hing
wate
r qu
alit
y ob
ject
ives
is t
o up
grad
e an
d
enha
nce
wate
r qu
alit
y th
at i
s al
read
y de
teri
orat
ed f
rom
the
obje
ctiv
e.
In m
any
are
as
how
eve
r,
dep
end
ing
on
the
ass
ign
ed
use,
the
exi
sti
ng
lev
el
of
wat
er
qua
lit
y
is significantly better than the objective stated for that use.
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important then, that in order to maintain existing water uses, the water quality
not be degraded beyond present levels.*
In the first sentence of the 1972 Amendments to the Federal Water Pollution
Control Act, the United States Congress stated that "the objective of this Act is
to restore and maintain the chemical, physical and biological integrity of the
Nation's waters" (emphasis added).
Similarly, "Guidelines and Criteria for Water
Quality Management in Ontario”
states, in part,
that "water of a higher quality
than that required by the standard will be maintained at that high quality...”(l).
These
statements
clearly
indicate the
importance placed
on
preserving
existing
water
quality,
and
are
the basis
on which non—degradation
policies must
be
established
for
the
boundary
waters
of
the
Great
Lakes
System.
The Water
Quality
Agreement
presents a
statement
of non—degradation
in
Article
III
and
again
in
Annex
I.
There
are
provisions
in
this
statement
which
can
result
in
technical
misinterpretation
of
non—degradation,
and
water
quality
degradation
of
even
the
most
sensitive
areas
of
the
Great
Lakes.
Technical
misinterpretations
of
the
stated
non—degradation
policy
centre
upon
the
word
"exceed".
The
statement
indicates
that
water
quality
must
be
maintained
at
existing
levels
where
such
levels
"exceed"
the
specific
water
quality
objectives.
It
is
generally
understood
that
the
drafters
of
the
Agreement
intended
that
water
quality
should
be
maintained
at
existing
levels
when
those
levels
are
within
the
limits
of
the
stated
objective.
In
a
majority
of
cases,
water
quality
objectives
are
concentrations
of
contaminants
above
which
water
uses
will
be
restricted.
In
other
cases,
the
objective
is
the
lowest
concentration
which
should
be
maintained
to
assure
the
stated
use.
Therefore,
a
strict
interpretation
of
the
word
"exceed"
could
mean
that
if
a
particular
parameter
concentration
was
greater
than
the
objective,
maintenance
at
that
level
would
be
appropriate
when
actually
the
water
quality
objective
was
being
violated.
M
a
i
n
t
a
i
n
i
n
g
water
quality
wh
i
c
h
is
"better"
than
the
stated
objective
more
properly
states
the
intent
of
the
n
o
n
—d
e
g
r
a
d
a
t
i
o
n
policy.
Under
current
policies,
d
e
g
r
a
d
a
t
i
o
n
of
the
water
quality
of
the
boundary
w
a
t
e
r
s
of
G
r
e
a
t
L
a
k
e
s
s
y
s
t
e
m
c
a
n
o
c
c
u
r
p
r
o
v
i
d
e
d
that
"all
r
e
a
s
o
n
a
b
l
e
and
p
r
a
c
t
i
c
a
b
l
e
m
e
a
s
u
r
e
s
"
a
r
e
t
a
k
e
n
to
m
a
i
n
t
a
i
n
that
q
ua
l
i
t
y.
The
i
m
p
l
i
e
d
i
n
t
e
n
t
of
the
A
g
r
e
e
m
e
n
t
is
n
o
t
to
a
l
l
o
w
w
a
t
e
r
q
u
a
l
i
t
y
d
e
g
r
a
d
a
t
i
o
n
e
x
c
e
p
t
in
s
p
e
c
i
a
l
c
i
r
c
u
m
s
t
a
n
c
e
s
a
n
d
u
n
d
e
r
v
e
r
y
t
i
g
h
t
r
e
s
t
r
i
c
t
i
o
n
s
.
T
h
a
t
s
uc
h
d
e
t
e
r
i
o
r
a
t
i
o
n
s
h
o
ul
d
b
e
a
l
l
o
w
e
d
u
n
d
e
r
w
a
r
r
a
n
t
e
d
c
o
n
d
i
t
i
o
n
s
m
a
y
b
e
n
e
c
e
s
s
a
r
y
to
p
r
e
s
e
r
v
e
a
r
e
s
o
u
r
c
e
of higher value.
*
C
o
n
f
o
r
m
a
n
c
e
w
i
t
h
a
n
o
n
—
d
e
g
r
a
d
a
t
i
o
n
p
o
l
i
c
y
a
s
s
u
m
e
s
a
k
n
o
w
l
e
d
g
e
o
f
b
a
s
e
l
i
n
e
w
a
t
e
r
q
u
a
l
i
t
y
.
O
t
h
e
r
c
o
m
m
i
t
t
e
e
s
a
n
d
s
t
u
d
y
g
r
o
u
p
s
w
i
t
h
i
n
t
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
a
r
e
a
s
s
i
g
n
e
d
t
h
e
t
a
s
k
o
f
a
s
c
e
r
t
a
i
n
i
n
g
e
x
i
s
t
i
n
g
l
e
v
e
l
s
o
f
w
a
t
e
r
q
u
a
l
i
t
y
.
A
n
o
n
-
d
e
g
r
a
d
a
t
i
o
n
p
o
l
i
c
y
w
i
l
l
n
e
c
e
s
s
a
r
i
l
y
b
e
b
a
s
e
d
u
p
o
n
a
g
r
e
e
m
e
n
t
o
n
t
h
e
r
e
s
u
l
t
s
.
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 Th
e
Na
tu
ra
l
Re
so
ur
ce
s
De
fe
ns
e
Co
un
ci
l
re
co
gn
iz
ed
tha
t
fac
t
in
19
73
wh
en
re
co
mm
en
di
ng
a
po
li
cy
on
no
n—
de
gr
ad
at
io
n
to
th
e
Un
it
ed
St
at
es
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
for
its
ado
pti
on.
Th
at
po
li
cy
st
at
es
in
par
t:
"Af
ter
pub
lic
hea
rin
gs,
all
wat
er
seg
men
ts
in
the
sta
te
sho
uld
be
div
ide
d
int
o
two
cat
ego
rie
s.
Cat
ego
ry
I w
oul
d
be
seg
men
ts
whi
ch
sho
uld
be
kep
t
in
th
ei
r
pr
es
en
t
co
nd
it
io
n
be
ca
us
e
the
y
co
ns
ti
tu
te
an
ou
ts
ta
nd
in
g
na
tu
ra
l
re
so
ur
ce
,
for
ex
am
pl
e,
ri
ve
rs
in
pa
rk
s
and
ot
he
r
wa
te
rs
of
gr
ea
t
re
cr
ea
ti
o—
na
l
or
ec
ol
og
ic
al
si
gn
if
ic
an
ce
.
No
de
gr
ad
at
io
n
in
th
es
e
se
gm
en
ts
wo
ul
d
be
allowed.
Cat
ego
ry
11
wou
ld
be
all
oth
er
seg
men
ts.
Wat
er
qua
lit
y
her
e w
oul
d
be
all
owe
d
to
deg
rad
e b
y a
sma
ll
pre
det
erm
ine
d p
erc
ent
age
.
The
per
cen
tag
e w
oul
d v
ary
dep
end
ing
on
the
wat
er
qua
lit
y p
ara
met
er
but
in
no
cas
e w
oul
d t
he
per
cen
tag
e b
e l
arg
e e
nou
gh
to
all
ow
the
wat
ers
to
deg
rad
e s
ign
ifi
can
tly
.
Mor
eov
er,
if
exi
sti
ng
wat
er
qua
lit
y m
eet
s
the
198
3 i
nte
rim
sta
nda
rd
exp
res
sed
in
Sec
tio
ns
101
(s)
(2)
and
302
of
the
Fed
era
l W
ate
r P
oll
uti
on
Con
tro
l A
ct,
the
qua
lit
y s
hou
ld
in
no
cas
e f
all
bel
ow
tha
t s
tan
dar
d.
The
wat
er
qua
lit
y r
equ
ire
d b
y 1
983
is
tha
t w
hic
h p
rov
ide
s f
or
the
pro
tec
tio
n a
nd
pro
pag
ati
on
of
fis
h,
she
llf
ish
, a
nd
wil
dli
fe
and
whi
ch
pro
vid
es
for
rec
rea
tio
n i
n a
nd
on
the water.”
Wit
hin
the
bou
nda
ry
wat
ers
of
the
Gre
at
Lak
es
Sys
tem
the
re
are
are
as
whi
ch
hav
e s
pec
ial
sig
nif
ica
nce
bec
aus
e o
f t
hei
r n
atu
ral
res
our
ces
.
The
se
are
as
mus
t
rec
eiv
e
the
max
imu
m
amo
unt
of
pro
tec
tio
n
tha
t
cur
ren
t
tec
hno
log
y
and
leg
isl
ati
on
can
pro
vid
e.
A n
on—
deg
rad
ati
on
pol
icy
sho
uld
ref
lec
t
thi
s p
rot
ect
ion
ist
phi
los
oph
y
for
tho
se
uni
que
are
as
of
the
Gre
at
Lak
es
tha
t
des
erv
e
thi
s
spe
cia
l
at
te
nt
io
n.
In
or
de
r
to
as
su
re
tha
t
th
es
e
are
as
ar
e
re
co
gn
iz
ed
,
an
ef
fo
rt
mu
st
be
mad
e
to
des
ign
ate
are
as
of
"ou
tst
and
ing
nat
ura
l
res
our
ce
val
ue.
"
The
in
te
nt
is
no
t
to
pr
oh
ib
it
al
l
use
,
de
ve
lo
pm
en
t,
or
di
sc
ha
rg
e
int
o
su
ch
are
as,
but
rat
her
to
ass
ure
tha
t w
ate
r
qua
lit
y
is
at
lea
st
mai
nta
ine
d
at
exi
sti
ng
le
vel
s.
Th
e
re
co
mm
en
de
d
re
vi
si
on
pr
ov
id
es
ma
na
ge
me
nt
wi
th
a b
as
is
for
ma
in
ta
in
in
g
g£
_u
pg
ra
di
ng
the
ex
is
ti
ng
wa
te
r
qua
li
ty.
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 (B) MIXING ZONES
RECOMMENDATION
It
is
re
co
mm
en
de
d
th
at
th
e
fo
ll
ow
in
g
st
at
em
en
ts
re
ga
rd
in
g
mi
xi
ng
zo
ne
s
be
ad
op
te
d
to
re
pl
ac
e
th
e
ex
is
ti
ng
st
at
em
en
t
wh
ic
h
ap
pe
ar
s
in
An
ne
x
I,
pa
ra
gr
ap
h
5
of
th
e
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t*
:
Th
e
re
sp
on
si
bl
e
re
gu
la
to
ry
ag
en
ci
es
ma
y
de
si
gn
at
e
re
st
ri
ct
ed
mi
xi
ng
zon
es
in
the
vi
ci
ni
ty
of
ou
tf
al
ls
wi
th
in
wh
ic
h
the
sp
ec
if
ic
wa
te
r
qua
lit
y
obj
ect
ive
s
sha
ll
not
app
ly.
Mix
ing
zon
es
sha
ll
not
be
con
—
sid
ere
d a
sub
sti
tut
e f
or
ade
qua
te
tre
atm
ent
or
con
tro
l o
f d
isc
har
ges
at their source.
 
A m
ixi
ng
zon
e i
s a
n a
rea
,
con
tig
uou
s t
o a
poi
nt
sou
rce
, w
her
e e
xce
pti
ons
to
wat
er
qua
lit
y o
bje
cti
ves
and
con
dit
ion
s o
the
rwi
se
app
lic
abl
e t
o t
he
rec
eiv
ing
wat
erb
ody
may
be
gran
ted.
Thus
, a
mix
ing
zon
e r
epr
ese
nts
a
loss in value.
It
is
not
pru
den
t t
o p
rov
ide
bla
nke
t e
xem
pti
on
fro
m a
ll
wat
er
qua
lit
y
obj
ect
ive
s w
ith
in
mix
ing
zone
s.
The
ref
ore
, e
xem
pti
on
sho
uld
be
at
the
dis
cre
tio
n
of
the
reg
ula
tor
y a
uth
ori
ty
on
the
bas
is
of
loc
al
con
dit
ion
s.
Bec
aus
e s
pec
ifi
c w
ate
r q
ual
ity
obj
ect
ive
s d
efi
ne
min
imu
m c
ond
iti
ons
to
pro
vid
e f
or
and
pro
tec
t a
use
and
bec
aus
e e
xem
pti
on
to
obj
ect
ive
s m
ay
be
gra
nte
d
wit
hin
mix
ing
zone
s,
it
is
app
are
nt
that
cer
tai
n v
alu
es
are
lost
.
The
re
is
a
gra
dat
ion
of
los
s o
f v
alu
es
fro
m g
rea
tes
t a
t t
he
end
of
the
pip
e t
o l
eas
t a
t t
he
per
iph
ery
.
Mix
ing
zon
es
may
inc
rea
se
rec
rea
tio
n p
ote
nti
al
or
pro
duc
tio
n o
f
des
ira
ble
org
ani
sms
in
som
e i
nst
anc
es
and
los
ses
may
occ
ur
onl
y s
eas
onn
all
y.
How
eve
r,
in
all
oca
tio
n o
f l
oss
of
bio
log
ica
l v
alu
e i
t m
ay
be
ass
ume
d t
hat
are
as
wit
hin
mix
ing
zon
es
rep
res
ent
a p
ote
nti
al
tot
al
los
s o
f t
he
mos
t s
ens
iti
ve
value identified as being affected adversely.
The
fol
low
ing
gui
del
ine
s s
hou
ld
be
use
d i
n t
he
des
ign
ati
on
of
mix
ing
zones:
1.
Spe
cif
ic
wat
er
qua
lit
y o
bje
cti
ves
and
con
dit
ion
s a
ppl
ica
ble
to
the
rec
eiv
ing
wat
erb
ody
sho
uld
be
met
at
the
bou
nda
ry
of
mix
ing
zon
es.
It
is
imp
ort
ant
to
rec
ogn
ize
tha
t t
his
con
cep
t a
llo
ws
the
plu
me
of
the
eff
lue
nt
to
be
ide
nti
fia
ble
out
sid
e
the
mix
ing
zon
e.
It
doe
s n
ot
lim
it
the
ext
ent
of
the
plu
me,
onl
y t
hat
por
tio
n o
f t
he
plu
me
tha
t i
s n
ot
req
uir
ed
to
meet water quality objectives.
2.
The
siz
e,
sha
pe
and
exa
ct
loo
ati
on
of
a m
ixi
ng
zon
e s
hou
ld
be
spe
cif
ied
so
tha
t b
oth
the
dis
cha
rge
r a
nd
the
reg
ula
tor
y a
gen
cy
kno
w
the
boun
ds.
The
size
shou
ld b
e mi
nimi
zed
to t
he g
reat
est
poss
ible
degr
ee.
*Where applicable, a rationale follows immediately after each new statement.
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 3. Limitations on mixing zones should be established by the responsible
regulatory agency on a case—by-case basis, where "case" refers to both local
considerations and the waterbody as a whole, or segment of the waterbody.
Guidelines cannot be substituted for knowledge of local areas
sense but they can assist in identifying critical factors on which
decisions. Mixing zones should be tailored to the characteristics
systems, recognizing not only the local effect, but the cumulative
mixing zones on the waterbody or segment thereof.
4. Existing biological, chemical, physical and hydrological
or common
to base
of receiving
effect of all
conditions
should be known when considering location of a new mixing zone or limitations
on an existing one.
5. Areas of'extraordinary value should be designated offllimits for
mixing zones.
6. When designing conditions to protect specific organisms it is
necessary to know that the organisms would normally inhabit the
area within the mixing zone. Zones of passage should be assured either
by location or design of conditions within mixingzones. Mixing zones
should not form a barrier to migratory routes of aquatic species or
interfere with biological communities or populations of important species
to a degree which is damaging to the ecosystem, or diminish other beneficial
uses disproportionately.
To prevent blocks to passage, less than half the stream width
should be
used as a mixing zone. Since dischargers may wish to use the other half in the
future, good practice suggests limiting individual mixing zones to one—third
of the width.
7. No conditions within the mixing zone should be permitted which are
either (a) rapidly lethal to important aquatic life {conditions which
result in sudden fish kills and mortality of organisms passing through
the mixing zone); or (b) which cause irreversible responses which could
result in detrimental post—exposure effects; or (c) which result in
bioconcentration of toxic materials which are harmful to the organism
or its consumers.
Rapid changes in water quality cause stress in aquatic life through shock
effect, thus changes should be guarded against in the operational regime. Rapid
dilution in mixing zones is desirable so that weak swimmers, such as planktonic
organisms entrained in the plume at the discharge, will be exposed
concentrations of constituents for short periods only.
to the higher
8.
Concentrations of toxic materials at any point in the mixing zone
where
important
species are physically
capable
of residing
should not
exceed the 24-to 96—hour L050.
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The mixing zone should be considered as a region in which organism response
to water quality characteristics is time-dependent. Therefore, if organisms are
exposed for short periods only, a greater concentration can be considered. Conversely,
when it is known, or can be demonstrated, that the discharge is attracting and holding
organisms for long periods, a reduction of concentrations of toxic materials to
below the 96—hour LC5O should be considered.
9. Many of the general water quality objectives should apply to
discharge—related materials within mixing zones.
The zones should be free
of:
(a) objectionable deposits;
(b) unsightly or deleterious amounts of flotsam, debris, oil,
scum and other floating matter;
(c) substances producing objectionable colour, odour, taste or
turbidity; and
(d)
substances and conditions or combinations thereof at levels
which produce aquatic life in nuisance quantities that
interfere with other uses.
Objections
of people
to a point
source discharge
are
often
related
to
the
impact
on
their
aesthetic
sensitivities.
Aesthetically
acceptable
mixing
zones
create
goodwill
among
the discharger,
the public
and
the regulatory
agency.
10.
Mixing
zones
may
overlap
unless
the
combined
effects
exceed
the
conditions
set
forth
in
other
guidelines.
11.
Municipal
and
other
water
supply
intakes
and
recreational
areas
should
not
be
in
mixing
zones
as
a
general
condition,
but
local
knowledge
of'the
effluent
characteristics
and
the
type
of
discharge
associated
with
the
zone
could
allow
such
a
mixture
of
uses.
EXLSTING OBJECTIVE
The
above
statements
are
recommended
to
replace
the
existing
mixing
zone
statement
in
Annex
I,
paragraph
5
of
the
Agreement,
which
states:
'Mixing
Zones.
The
responsible
regulatory
agencies
may
designate
restricted
mixing
zones
in
the
vicinity
of
outfalls
within
which
the
specific
water
quality
objectives
shall
not
apply.
Mixing
zones
shall
not
be
considered
a
substitute
for
adequate
treatment
or
control
of
discharges
at
their
source".
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 Appendix A
MEMBERSHIP LISTS
GREAT LAKES WATER QUALITY BOARD
AND
GREAT LAKES RESEARCH ADVISORY BOARD
AND
THEIR COMMITTEES
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MEMBERSHIP
GREAT LAKES WATER QUALITY BOARD
The
se
are
the
ind
ivi
dua
ls
who
ser
ved
on
the
Gre
at
Lak
es
Wat
er
Qua
lit
y
Boa
rd
whi
le
the
rec
omm
end
ed
obj
ect
ive
s w
ere
bei
ng
dev
elo
ped
.
Canada
A.T.
J.
.
7
“
z
a
"
U
F
U
W
S
O
’
U
U
U
"
U
'
z
'
m
m
u
w
c
p
m
n
w
Prince, Atomic Energy Control Board, Canadian Chairman
Bruce, Department of Fisheries and Environment,
Appointed Canadian Chairman, 1974
Slater, Department of Fisheries and Environment,
Appointed Canadian Chairman, 1976
Caplice, Ontario Ministry of the Environment
Caverly, Environmental Hearing Board, Province of Ontario
L'Heureux, Services de Protection de L'Environnement, Province of Quebec
tain G. Leask, Ministry of Transport
Steggles, Ontario Ministry of the Environment
Loftus, Ontario Ministry of Natural Rescurces
Millest, Department of Fisheries and Environment
Higgins, Department of Fisheries and Environment
United States
F.T.
c
.
7
”
H
U
Z
W
O
H
Z
M
S
W
S
O
>
W
b
m
b
z
u
n
m
m
n
r
>
m
m
m
Mayo, United States Environmental Protection Agency,
United States Chairman
Alexander, Jr., United States Environmental Protection Agency,
Appointed United States Chairman, 1976
Briceland, Illinois Environmental Protection Agency
Earl, Wisconsin Department of Natural Resources
Hert, Indiana Stream Pollution Control Board
Lyon, Pennsylvania Department of Environmental Resources
Cove, Minnesota Pollution Control Agency
Turney, Michigan Department of Natural Resources
Seebald, New York Department of Environmental Conservation
Williams, Ohio Environmental Protection Agency
Frangos, Wisconsin Department of Natural Resources
Merritt, Minnesota Pollution Control Agency
Purdy, Michigan Department of Natural Resources
Leahy, Illinois Bureau of Budget
. Metzler, New York Department of Environmental Conservation
. Whitman, Ohio Environmental Protection Agency
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 MEMBERSHIP
GREAT
LAKES
RESEARCH
ADVISORY
BOARD
These
are
the
individuals
who
served
on
the Great
Lakes
Research Advisory
Board while the recommended objectives were being developed.
Cbnada
J.P.
> 5
0
C
O
U
P
U
L
‘
x
w
m
a
z
z
u
u
w
m
>
F
O
W
W
O
Bruce, Department of Fisheries and Environment,
Canadian Chairman
LeFeuvre, Department of Fisheries and Environment,
Appointed Canadian Chairman, 1974
Drapeau, Ecole Polytechnique, Montreal, Quebec
Holland, Sarnia, Ontario
Foley, Ontario Ministry of the Environment
.N. Westwood, University of Ottawa, Ottawa, Ontario
Roseborough, Ontario Ministry of Natural Resources
Munro, Mayor, Burlington, Ontario
Johnson, Department of Fisheries and Environment
Vallentyne, Department of Fisheries and Environment
Kramer, McMaster University, Hamilton, Ontario
. Elder, Department of Fisheries and Environment, Ex—Offioio
Lane, Department of Fisheries and Environment, Ex-Officio
United Sta
S.M.
7
6
1
3
1
9
St
L
a
m
c
h
m
L
¢
>
O
O
H
C
E
F
U
D
>
F
W
tes
Greenfield, formerly, United States Environmental Protection Agency,
United States Chairman
. Bartsch, United States Environmental Protection Agency,
Appointed United States Chairman, 1974
. Mount, United States Environmental Protection Agency,
Appointed United States Chairman, 1976
Davis, United States Environmental Protection Agency,
Alternate for A.F. Bartsoh
Aubert, National Oceanic and Atmospheric Administration
Dworksy, Cornell University, Ithaca, New York
Balden, Hot Springs Village, Arkansas
ebbins, Citizens for Clean Air and Water, Inc., Cleveland, Ohio
Allen, Illinois Institute of Technology, Chicago, Illinois
Hetling, New York Department of Environmental Conservation
Fetterolf, Jr., Great Lakes Fishery Commission, Er—Officio
Watkins, Edison Electric Institute, New York
McDonnell, Pennsylvania State University, University Park, Pennsylvania
. Shapiro, University of Minnesota, Minneapolis, Minnesota
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 MEMBERSHIP
WATER QUALITY OBJECTIVES SUBCOMMITTEE
OF THE
GREAT LAKES WATER QUALITY BOARD
These are the individuals who served on the Water Quality Objectives
Subcommittee while the recommended objectives were being developed.
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w
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u
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w
w
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w
w
o
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U
x
u
o
u
n
z
w
u
u
w
o
w
H
o
z
.E.
Fetterolf, Jr., Great Lakes Fishery Commission, Chairman
Reeder, Department of Fisheries and Environment,
Appointed Chairman, 1975
Anderl, Minnesota Pollution Control Agency
Becking, Health and Welfare Canada
. Brydges, Ontario Ministry of the Environment
Chamut, Department of Fisheries and Environment
Garrett, Ohio Environmental Protection Agency
Hodson, Department of Fisheries and Environment
Kelso, Department of Fisheries and Environment
Stevens, New York Department of Environmental Conservation
Boelens, Ontario Ministry of the Environment
Johnson, Department of Fisheries and Environment, Ex—Officlo
. Brezner, New York Department of Environmental Conservation
. Park, Illinois Environmental Protection Agency
Potos, United States Environmental Protection Agency
Robinson, Michigan Department of Natural Resources
Schoener, Pennsylvania Department of Environmental Resources
Schuettpelz, Wisconsin Department of Natural Rescurces
Terrault, Services de Protection de L'Environnement, Province of Quebec
Blomgren, Illinois Environmental Protection Agency
Mt. Pleasant, New York Department of Environmental Conservation
Maylath, New York Department of Environmental Conservation,
Alternate for R. Mt. Pleasant
J. Pegors, Minnesota Pollution Control Agency
R.K.
N.A.
J.G.
Lane, Department of Fisheries and Environment
Berg, United States Department of Agriculture, Ex—Offieio
Konrad, Wisconsin Department of Natural Resources,
Alternate for N.A. Berg
C. Timm, United States Environmental Protection Agency, Ex—Officlo
D.C.
G.K.
K.L.
W.E.
Kraus, United States Environmental Protection Agency,
Alternate for C. Timm
Rodgers, Department of Fisheries and Environment, Ex—Offieio
Kaiser, Department of Fisheries and Environment,
Alternate fbr G.K. Rodgers
Fox, United States Environmental Protection Agency, Official Observer
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 MEMBERSHIP
STANDING
COMMITTEE
ON
SCIENTIFIC
BASIS
FOR
WATER
QUALITY
CRITERIA
OF THE
GREAT
LAKES
RESEARCH
ADVISORY
BOARD
These
are
the
individuals
who
served
on
the
Standing
Committee
on
Scientific
Basis
for Water
Quality
Criteria while
the
recommended
objectives were
being developed.
W.
Brungs,
United
States
Environmental
Protection
Agency,
Chairman
A.
Robertson,
National
Oceanic
and
Atmospheric
Administration,
Appointed Chairman, 1975
C.M.
Fetterolf,
Jr.,
Great
Lakes
Fishery
Commission
R. Hartung, University of Michigan
I.
Hoffman,
National
Research
Council
of
Canada
S.W.
Reeder,
Department
of
Fisheries
and
Environment
J. Sprague, University of Guelph
W.M.
Strachan,
Department
of
Fisheries
and
Environment
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